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INTRODUCTION 
The Problem Stated 
The blood supply to a transplanted neoplasm is one of the roost 
important factors in maintaining the transplant, for tumors must be 
nourished to grow. A host's blood supply will also help resist the es-
tablishment of a transplant, since the blood cells participate in the im-
mediate reaction opposing this establiShment. For over fifty years re-
searchers concerned with the transplantation of both homologous and he-
terologous cancers have been interested in both the vascular supply to a 
transplant and the cellular reaction antagonizing a transplant. 
The literature contains many reports that relate one or two 
blood-cell factors to the growth of a particular tumor. Many different 
types of animals have been used for these investigations, and various can-
cers have been used as transplantation material. However, previous in-
vestigators did not always select tumors that were one hundred per cent 
transplantable. Therefore, their correlations of transplant regressions 
with a particular blood-cell element can be questioned. Moreover, accu-
rate cancer growth curves could not be obtained by earlier research meth-
ods, and all phases of tumor growth could not be correlated with blood-
cell factors, since the investigators were not able to observe clearly 
the various stages in tumor growth with the techniques employed by them. 
Furthermore, earlier researchers did not relate all of the blood-cell 
elements to a particular tumor, but studied one or two factors in rela-
tion to the growth of a given t~r. Former investigators did not relate 
blood-cell factors to any observed tissue reaction in the early stages ot 
l 
. tumor growth nor did they correlate accurately blood-cell factors with 
later stages of logarithmic growth, ulceration and necrosis 1 since the 
transplantation sites selected did not lend themselves to this type of 
investigation. 
Fortunately 1 Lutz !!1 !! (1951a) reported that a methylcholan-
thren~induced sarcoma of the hamster could be grown in the hamster cheek 
pouch. The advantages of the cheek pouch as a transplantation site were 
enumerated, one of the main advantages being the ease of observation of 
early stages of growth and vascularization of transplants. These inves-
tigators pointed out that the volume of transplants was determined by 
means of an ocular micrometer with a degree of accuracy previousl,y un-
attainable. 
Utilizing the metbylcholanthrene-induced sarcona and the ham-
ster cheek pouch as the transplantation site, all stages of tumor growth 
can be correlated with the blood-cell elements. The purpose of this dis-
sertation is to establish relationships between the for.med elements of 
the hamster's blood and all phases of an accurate neoplastic growth curve 
of the methylcholanthren~induced sarcoma of the hamster. 
A Comprehensive Review of the Literature 
The cellular-blood picture associated with malignancy has been 
a subject of investigation for many years. In 1879 Ehrlich made possible 
the differentiation of leukocytes by his method of staining blood films. 
All of the cell types were included in this method. The "stab" neutro-
philic leukocytes (non-filamentous) and segmented neutrophilic leukocytes 
(filamentous) were classed together as neutrophilic leukocytes. If this 
2 
classification were modified so that the stab neutrophilic leukocytes 
were separated from the segmented neutrophilic leukocytes, his method 
would be as complete as any other method. For one quarter of a century 
his was the only method for making a differential leukocyte count. 
Since 1904 other methods of differential leukocyte counting 
have been presented, the difference in each being in the classification 
of the neutrophilic leukocytes. All other cells have maintained their 
original classification (Reily, 1940). 
In 1904 Arneth proposed a method of differential leukocyte 
counting as a result of his observations on the maturation of the neu-
trophilic leukocytes from the myelocytes in the bone marrow. He classi-
fied the neutrophile into five major groups according to the number of 
lobes in the nuclei of the cells. His contribution to differential 
counting was that the nucleus of the neutrophil was an index to the ma-
turity of the cell. 
In 19111 Schilling proposed his method of differential leuko-
cyte counting. His outstanding contribution was to call attention to a 
stage between the met~locyte and the two-lobed neutrophilic leukocyte 
(filamentous). This was the stage at ~ich the nucleus elongated before 
dividing into lobes; he classed this stage separately and gave it a 
name - 11stab" neutrophil. 
Pons and Krwnbhaar (1924) recognized that the methods mentioned 
above were too complicated for routine work and offered their method of 
differentiation of leukocytes. They recognized four groups and empha-
sized the immature forms. Cooke (1928) proposed a method in which tive 
3 
groups of neutrophils were recognized. He suggested a simple standard 
for determining the division of the nucleus. His contribution to diffe-
rential leukocyte counting was to point out clearly a lobed or segmented 
neutrophilic leukocyte. Thus, a nucleus was divided if its segments were 
connected by no more than a chromatin thread. 
In 1930 Farley, St. Clair and Reisinger introduced the filamen-
tous and non-filamentous neutrophil count, corresponding to the segmented 
and non-segmented polymorphonuclear cells. Their method was simple, quick, 
and accurate, and expressed the degree of immaturity of the neutrophilic 
leukocytes. 
(1). Differential White Blood Cell Count 
Neubert (1889) was probably the first investigator to observe a 
change in the differential llhite blood picture associated with malignancy. 
He noted that the numerical relationship between the mononuclear and poly-
nuclear forms of white blood cells had been shifted in favor o! the poly-
nuclear cells. 
In their histological study of retrograding tumors in mice, Gay-
lord, Clowes, and Baeslack (1905) were impressed with the large amount of 
round cell infiltration at the margin of the tumors, and within the tumors 
undergoing retrogression. The preponderance of small round cells about 
the margin of such tumors was also observed by DaFano (1910). He pointed 
out that the development of tumor immunity was coincident with a general 
reaction of the connective tissue throughout the organism. The polynu-
clear leukocytes appeared first at the site of the implanted tumor 'Where, 
under aseptic conditions and lfithout showing phagocytic activity, they 
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undergo degeneration. The lymphocytes then appear in large numbers around 
the inoculated tumors and diminish gradually after immunity is established. 
Baeslack (19:14)., in his studies on tumor-bearing mice, found 
that when tumors were transplanted successfully there was a decrease in 
the small mononuclear lymphocytes and an increase in the polymorphonuclear 
leukocytes. However, if the tumor .failed to grow, there was no decrease 
in the lymphocytes nor was there an increase in the polymorphonuclear leu-
kocytes. He stated that under these conditions the lymphocytes might in-
crease. 
lmrphy (19l..4) stated that X-ra.ys given in small doses affected 
first and most decidedly the lymphoid system. The fact that heteroplastic 
tissues grew in animals treated with X-rays strong~ suggested that it was 
the removal of the lymphoid barrier that made this possible. :Murphy and 
Morton in 1915 continued Murphy's studies on lymphocytes and tumor growth. 
They reported that an increase in the number o.f circulating lymphocytes 
was due to the development of an immunity against the tumor graft. They 
found that mice susceptible to a mammary carcinoma s howed a decrease in 
lymphocytes and there was a tendency for the polymorphonuclear cells to 
increase slightl,y. 
lmrphy and Taylor (1918) presented more evidence to estal::>lish 
the relationship of tumor immunity to increased lymphocyte vallles. They 
demonstrated that it was possible to destroy the potential immunity to a 
special tumor strain by means of the lymphocyte destroying power of X-ra.ys. 
Murphy and Sturm (1919&) showed that mice, rats, and guinea pigs exposed 
to the dry heat from an electric bulb of frosted glass, had a sharp drop 
5 
in the total white blood cell count, both the polymorphonuclear leuko-
cytes and the lymphocytes tald.ng part in the drop. Following this expo-
sure, there was a slow recovery on the part of the polymorphonuclear leu-
kocytes, several weeks being required to regain the normal number. The 
lymphocytes rose rapidly after the initial drop and continued to rise for 
two or three weeks. The increase often amounted to a gain of over two to 
three hundred per cent above the normal count. Nakahar-a (1919), working 
on mice in Murphy's laboratory, stated that the pronounced lymphocytosis 
induced by means of heat treatment of the animals was due, at least in 
part, to the enhanced proliferative activity of germinal centers, in the 
spleen and lymph glands, reacting to the destructive effect of heat upon 
lymphoid cells. 
Murphy and Sturm (1919b) proposed a theory based upon the work 
of 1fu.rphy and his co-workers. Tumor immunity was placed under the head~ 
ing of cellular immunity. The evidence connecting the l,ymphocytes with 
the resistance to transplantable cancer, as stated by them, is briefly as 
follows: 
(a) The presence of lymphocytes and related cells about a can-
cer graft in immune animals, and the relative absence of these cells &-
round such a graft in highly susceptible animals; 
(b) the general changes which take place in the cellular ele-
ments of the tissues of animals immune to cancer (DaFano, 1910); 
( c:) the lymphocytic crisis in the circulating blood of poten-
tial.l.y immune animals after innoculation with cancer; 
(d) the destruction of potential cancer immunity by depletion 
of the lymphoid elements ldth X-rays; 
(e) the destruction of established cancer immunity by the use 
of X-rays; 
(f) the marked increased resistance to cancer after artificial 
stimulation of the lymphocytes. They also stated that factors other than 
the lymphocytes were more than likely involved in the process of cancer 
imlm.mity. However, these studies on the lymphocytes and tumor growth es-
tablished an important link in the process of so-called tumor immunity. 
Gruner (1916) studied blood smears of humans with various types 
of cancer. He concluded that a morbific agent . stimulated the leukocytes 
to greater activity, be it phagocytic (amoeboid movement) or reproductive. 
He stated that the agent may damage the leukocytes and cause the propor-
tion of "dead and dying" leukocytes to increase, or it may bring about the 
appearance of new structures within the cells. He also stated that the 
differential blood picture in malignant disease varied with the tumor 
growth, according to its limitation by fibrous tissue (no discharge of 
specific excretion into the juices), according to the gross mechanical ef-
tects or the neoplasm on the body (starvation or hemorrhage), and accord-
ing to the existence of bacterial infections. 
Loeb (1926) also called attention to the lymphocytic response 
and tumor growth. He stated that the similarity or difference in the 
character of the individuality, race, and species differentials between 
host and transplant determines the reaction of the host to the transplan~ 
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in the case of normal tissues, as well as of tumors, and in addition, the 
reaction determines the active imrmmity against tumor growth. The simi-
larity or difference between differentials of host and transplant deter-
mines the intensity of the reaction on the part of the host as well as the 
time when the lymphocytic reaction will appear. The smaller the differen-
ces between the differentials of the host and those of the transplant, the 
later the appearance of the reaction. 
Thus, the earlier work on the ly.mphocytes and their relationship 
to tumor growth tended to establish the lymphocytes as agents participating 
in the immune reaction against tumor transplantation, and also as impor-
tant factors participating in the tissue reaction around a tumor trans-
plant. 
Eisen (1928) analyzed the blood changes in three hundred and fif-
ty-three cases of human malignant disease. He noted that most of these 
cases had high polymorphonuclear leukocyte counts. In 1929 Pearce and 
Casey began their blood-cell studies in relation to the growth of an epi-
thelial tumor in the testicle of a rabbit. They reported that there was a 
pronounced increase in the number of monocytes in those rabbits which died 
with more or less widespread distribution of the tumor. In the group 'Which 
probably would have died, the m.onocytes eventually rose to high levels. In 
the animals which recovered, on the other hand, the fluctuations of the 
monocytes, before and after inoculation, were of approximately the same mag-
nitude, and at no time did the level of the monoeytes approach the high 
level of the monocytes in the animals which had died or which probably 
would have died. A few animals dying from the tumor, failed to show this 
rise. 
s 
Casey and Pearce (19.31) believed that they had shown a relation-
ship between the growth of their tumor and the blood picture before trans-
plantation. They studied the ·blood cytology in ninety-one rabbits prior 
to inoculation with the Brown-Pearce rabbit tumor. They concluded that 
animals most resistant to the malignant disease had, before inoculation, 
high eosinophil counts and low counts of llk>nocytea and lymphocytes. The 
relationships of the neutrophil and basophil counts to tumor resistance 
were irregular, for normal values also appeared to be associated with 
greater resistance. Furthermore, they stated that low eosinophil, high 
monocyte, or high l3mphocyte counts were found in those animals moat sus-
ceptible to the tumor. 
Pearce and Casey (19.31) continued their investigations of blood-
cell factors and the growth of the Brown-Pearce epithelial tumor. They 
stated that in rabbits in which the tumor process was of pronounced or 
well marked severity, the numbers of monocytes became greatly increased 
and the neutrophils were also increased; however, the eosinophile, the 
basophile, and the lymphocytes were decreased. In rabbits which recovered 
from the tumor inoculation, there were no outstanding changes in the blood 
picture when findings for the entire observation period were considered. 
They also reported that in the group of probable recoveries, the results 
were variable. There was, however, a definite although moderate increase 
of monocytes and, in general, the findings reflected the mildness of the 
disease when compared with the findings of the fatal cases and the group 
of probable deaths. The report by Pearce and Casey that resistant rabbits 
possessed ,low lymphocyte values is not in agreement with the findings of 
DaFano (1910) or lfurphy and co-workers (19:U., 1915, 1918 and 1919). 
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llorrison (1932), in his studies on the blood picture in one hun-
dred cases of human cancer, reported certain facts relating to the 'White 
blood cells. He found that about sixty-six percent of his cases possessed 
a neutrophilia. He also reported a marked increase in the non-filamentous 
neutrophils associated with the malignant growths. 
In 19.35 and 19.36 Parsons reported her work relating t.o blood 
changes in mice bearing experimental sarcomas produced by 1:2:5:6-dibenz-
anthracene and sodium. 1:2:5:6-dibenzanthracene-9:10-endo-a f1- succinate. 
She reported that there was a rapid fall in the lymphocytes and a corre-
spondingly rapid rise in the polymorphonuclear leukocytes in the tu.~Del'­
beari.ng mice. She also reported that she observed an increasing number of 
JX13'8loid cells (myeloblasts, myelocyte a, and large immature pol.ymorphonu-
:clear forms) associated with tumor growth. There was also a distinct 
change in the cell size (became larger) and a distinct change in the nuclei 
of the polymorphonuclear neutrophils. 
Mayneord and Parsons (1937) stated that their work with X-rays 
confirmed the 110rk of Murphy (1915, 1919a, and 1919b), for they observed a 
relative deficiency of lymphocYtes during a certain portion of the latent 
period prior to tumor formation in irradiated mice. They also reported 
that the blood changes observed after tumor formation were comparable to 
those reported by Parsons (1935 and 1936). 
Lewis (19.37) induced tumors in eight mice of a pure inbred 
strain by means of a single injection ot 1:2:5:6-dibenzanthracene. These 
eight twoors were one hundred percent transplantable into mice of the same 
strain but, with two exceptions, were not transplantable into mice of a 
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different pure imbred strain. Each of these tumors brought about an in-
crease in the host's poJ..ymorphonuclear blood cells concurrent with its 
growt.h, the severity of the neutrophilia induced being peculiar to that 
particular tumor. Repeated grafting of myeloid-stirmllating dibenzantllra-
eene tumors into mice of an alien strain brought about a change in some 
of the tumors themselves by which they became transplantable into mice of 
alien strains. The alteration of the host's resistance and the change in 
the tumor's strain specificity were each accompanied by the development 
of a more severe myeloid hyperplasia in the alien host than that produced 
by the growth of the strain-specific tumor in a host of its own strain. 
Furthermore, Lewis stated that Murphy and co-workers (1914, 
1915, 1918, 1919&1 and 1919b) used a spontaneous adenocarcinoma Which was, 
at best, by no means one hundred percent traDBplantable. She also stated 
that it was impossible to compare her results to theirs, for she used a 
one hundred percent transplantable dibenzanthracene-induced sarcoma. 
Moreover, she reported that mice treated with guinea pig serum, until they 
exhibited a marked lymphocytosis, were not resistant to the growth of a 
tumor from a mouse of the same strain. 
Tchakhotine (1938) reported no abnormal values of either the 
mononuclear or polynuclear white blood cells before tumor establishment in 
mice of the spontaneous tumor strain RIII. During the precancerous period, 
and for a short time after tumor formation, there was no increase in these 
white blood cells. When the tumors were as large as large walnuts, he 
found a variation in the ratio of mononuclear leukocytes to polymorphonu-
clear leukocytes, the number of polymorphonuclear leukocytes being in-
ll 
creased. In the oase ot mice with transplanted sarcoma 37, he reported 
that the polymorphonuclear leukocytes increased when the tumors were still 
small, and that they increased before tumor ulceration. 
Increases in the neutrophils associated with tumor growth were 
also reported by Blumenthal (1941). He noted that the increase in the 
polymorphonuclear neutrophile, in mice with homotransplants, did not take 
place unless the tumor had reached a certain critical size. This point 
coincided with the time when the animal was becoming debilitated as a re-
sult of the large size of the tumor. Animals with small tumors did not 
show significant changes in their blood counts, regardless of whether the 
tumor subsequently retrogressed completely or continued to grow to a large 
size. Blumenthal agreed with Tchakhotine (1938) that the increase in neu-
trophile was a function of the size of the tumor, irrespective of whether 
the tumor was of spontaneous origin or had been transplanted. 
Casey, Pearce, and Rosahn (1942a) continued the studies and mod-
ified the results of Casey and Pearce's earlier (1931) associations of 
blood-cell factors with the transplantability of the Brown-Pearce rabbit 
tumor. They stated that it had become evident, since the 1931 report, 
that the reaction of the rabbit to this tumor should be considered in two 
phases, namely, the success of transplantation, and the later spread of 
the neoplasm in the body of the host. In order to determine whether 
transplantability, growth, and spread of the Brown-Pearce tumor might be 
influenced by factors reflected in the pre-transplantation blood formulae, 
they perfor.med seventeen sets of experiments upon one hundred and ninety-
five young adult male rabbits. Repeated determinations -were made on 
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neutrophile, basophile, eosinophile, lymphocytes, and m.onocytes (other 
blood cell factors were studied; these will be considered below). 
Seventy-nine animals were discarded because of one blood factor abnormal-
ity. The final analysis was made on one hundred and eight rabbits. 
Eighteen of these failed to bear tnmors after inoculation with the Brown-
Pearce tumor. They concluded that no relationship could be demonstrated 
between the success or failure of transplantation and the pre-transplanta-
tion levels of the neutrophile 1 basophile, eosinophile 1 monocTtes or 
lymphocytes. 
In the same year, working with the rabbit and the Brown-Pearce 
tumor, these same authors, Casey, Pearce, and Rosahn (1942b), stated that 
their studies on the pre-transplantation blood-cell formulae, and their 
relationship to metastasis, had shown that the host factors involved in 
the successful transplantation of a neoplasm were not necessarily those 
involved in the continued growth and spread of the tumor. They stated 
that there was no significant correlation between the pre-transplantation 
blood levels of the neutrophile, lymphocytes, and monocTtes, and the inci-
dence of metastasis, the mortality from the neoplasm, or the number ot 
metastatic foci developed. The pre-inoculation basophil and eosinophil 
levels, however, were significantly related to the spread of the Brown-
Pearce tumor in -animals successfully inoculated. Intermediate values of 
pre-transplantation basophil levels were associated with fewer metastases 
and a lo"er mortality from the neoplasm than were extreme values. High 
eosinophil pre-transplantation levels were associated with fewer metastases 
and a lower mortality in animals successfully inoculated. The association 
of extreme eosinophil values with resistance was not as great as the 
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association of high (above the mean) eosinophil levels with this factor. 
Moreover, the eosinophil and basophil levels, related to the growth and 
spread of the neoplasm, bore no relationship to the success of trans-
plantation. 
In 1943 Dunning and Reich reported that in rats bearing rat 
sarcomas (seven different rat sarcomas were used) there was an increase 
in the percentage of polymorphonuclear leukocytes which was about equal 
to the reduction in the percentage of lymphocytes. In the rats bearing 
tumor I.R.S. 146 there was an increase of four percent in the monocytes. 
They made two blood tests on each rat, the first, before inoculation, and 
the other, after the b.lmors had attained considerable size but before ul-
ceration occurred. No tests were made on small transplanted tumors. 
They found no relationship between malignancy and neutrophilia. 
Bolen (1944) stated that in both the early and late stages ot 
malignancy there were no significant changes noted in the neutrophU or 
ly.mphocyte percentages in humans with cancer of the gastrointestinal 
tract. Where ulceration occurred, he did state that an increase in the 
neutrophile was noted. 
(2) Total White Blood Cell Count 
In addition to changes in the various white blood cell elements, 
changes in the total white blood cell count have also been reported in as-
sociation with malignancy. Many of the investigators noted above reported 
changes in the total white blood cell counts associated with tumor growth. 
The observation that the number of white blood corpuscles was trecpentl.y' 
increased in cancer has been made by numerous observers. Andral (1843) 
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was possibly the first investigator who recognized the presence of leuko-
cytes in the abno:rmally increased numbers of cells associated with malig-
nancy. The findings of Andral were confirmed by Vidal t1890) and a~ 
ber of other French observers. More detailed observations on the subject 
were made by IUcke (1867), who concluded that this increase in the number 
of leukocytes in cancer was a sign that the disease had become general and 
involved the entire body. 
Very exact data concerning the occurrence of leukocytosis in 
cancer were found in the observations of Hayem and Alexander (1887). 
These authors noted that not all cases of carcinoma and sarcoma of various 
organs were accompanied by a leukocytosis. In ten of the fourteen eases 
of scirrhus growths, and in five of the twelve cases of cancer of the 
stomach, a leukocytosis was observed. Schneider (1888) cited twelve cases 
of cancer of the stomach, in all of which leukocytosis was present, while 
Laache (1893) was unable to find a leukocytosis in five cases he reported. 
In a series of forty-six cases of cancer of the stomach cited by Cabot 
(1897), fifteen showed a leukocytosis and thirty-one showed none. An 
equal divergence o.f' opinion existed in regard to the leukocyte count in 
cases where the malignant growth involved other organs. Thus, Hayem and 
Alexander (1887) were unable to note an increase in the number of leuko-
cytes in six cases of cancer of the uterus and Cabot (1897) cited three 
cases, each showing distinct leukocytosis. 
Baeslack (1914) concluded that leukocytosis was the rule in 
carcinoma, but that there were many exceptions, and that the leukocytosis 
was proportional to the malignancy, to the rapidity, and to the extent of 
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the growth of the tumor. Factors which governed the degree of leukocytosis 
seemed to be the position of the tumor, the resistance of the individual, 
the daily variations in the growth of the twoor, and the liberation of the 
metaballc products .from the tumor, the products being carried by the blood 
stream influencing the blood forming organs. 
Eisen (1928) reported that the total leukocyte count was in-
creased in human cancer of the stomac..'l. In his opinion it was doubtful. 
whether uncomplicated cancer had the power to increase the number ot 
leukocytes in the blood. Very high white blood cell counts were invariably 
attributable to a complication. 
Pearce and Casey (1931), in their studies on male rabbits bear-
ing the Brown-Pearce epithelial tumor, reported that the total 'White blood 
cells were increased in those rabbits in which the tumor process was of 
pronounced or well marked severity. In the group of rabbits, Which re-
covered .from the tumor inoculation, they did not find an increase in the 
total white blood · cell level. 
llorrison (1932), in his excellent report on one hundred cases 
of human malignancy, stated that a leukocytosis was obsernd in about 
sixty-six percent of his cases. In over fifty percent of the cases ot 
leukopenia in case_s of proved malignancy, there was a metastatic lesion. 
He suggested the possibility of a leukopenia associated with metastasis. 
Parsons (1935) also noted an increase in the total leukocyte 
count in her mice bearing sodium 1:2: 5:6-dibenzanthracene-9:10-endo-qP -
succinate-induced sarcomas. She reported a leukemic condition in her mice 
which increased with the growth of the tumor, and the highest counts were 
obtained in the last few days before death. The increased white blood 
cell count was apparently not due to sepsis from extemal ulceration or 
to central necrosis of the tumor. She based this statement on the obsel'-
vation that in another strain of mice, UU.., bearing 1:2:5:6-d.ibenzan-
thracene tumors which were ulcerated, there was no increase in the total 
wbi te blood cell count. Individuals appeared which had escaped profound 
blood changes. If the tumor regressed, no leukemic condition was o~ 
served in the blood. Mice with slow growing tumors did not have a high 
leukocyte count. 
Likewise, in 1936 Parsons again reported a considerable rise 
in the total white blood cell count in mice bearing spindle-cell sarcomas 
induced by 1:2:5:6-dibenzanthracene. This increase in the total leukocyte 
count was associated with rapidly growing sarcomas. She found no definite 
rise in the white blood cell count with slower growing tumors. Ulcera-
tion, present to a moderate degree in the less rapidly growing sarcomas, 
did not induce a leukocytosis as shown by the final blood counts in these 
mice. She stated that the reticular endothelial system of the bone narrow, 
the spleen, and the liver was responsible for these increased numbers of 
cells. 
Tchakhotine (1938) reported a leukocytosis associated with the 
growth of sarcoma 37 in mice. The intensity of the leukocytosis was a 
function of the mass of the tumor before ulceration, and the leukocytes 
returned to normal after removal of the tumor. He believed that the 
leukocytosis was produced by the protein substances derived from the twoor, 
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and that these substances passed into the blood of the tUJIDr-bearing ani-
mal. 
Blumenthal (1941) agreed with Tchakhotine (1938) that leuko-
cytosis was a function of the size of the tumors, irrespective of their 
origin. Blumenthal observed a leukocytosis in both rats and mice bearing 
transplanted iiuJIIDrs. He observed a leukocytosis in animals with non-
ulcerated tumors. 
Casey, Pearce, and Rosahn (1942&), in their studies on the 
Brown-Pearce rabbit tumor, reported that there was a statistically sig-
nificant relationship between the success and failure of transplantation 
and the pre-transplantation levels of the total white blood cells. The 
resistance of the rabbit to transplantation of the Brown-Pearce tumor was 
found to be associated with optimal. or modal pre-transplantation levels 
of the total white blood cells. When the average level of the total 
white blood cells was not modal, the animals were susceptible to the 
tumor. 
Casey, Pearce, and Rosahn (1942b) reported that, among the 
ninety rabbits successfully inoculated with the Brown-Pearce tumor, no 
significant correlation existed between the pre-transplantation blood 
levels of the total leukocyte values snd the incidence of metatasis, the 
mortality from tne neoplasm, or the number of metastatic foci developed. 
The total white blood cell levels, which were related to the success of 
transplantation, were apparently unrelated to the course of the tumor in 
animals successfully inoculated. 
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Dunning and Reich (1943) 1 in' their studies on rats bearing var-
ious rat sarcomas, reported that the mean total white blood cell count 
was significantly increased in all of the rats examined, except bearers 
of sarcoma R92. They studied seven rat sarcomas. The leukocytosis re-
ported was observed before ulceration occurred. 
Bolen (1944) reported no increases in the total white blood 
cell count in either the early or late stages of malignancy in gastroin-
testinal cancer of man. However, he did observe a leukocytosis associa-
ted with ulcerated tumors. 
Kelsall (1949) reported a slight leukocytosis in hamsters bea.l'-
ing sarcomas produced by 9110-dimethy1-1,2-benzanthracene. 
(3) Sedimentation Rate 
The sedimentation rate has long been associated with nalig-
nancy. The literature contains many conflicting reports of increases in 
sedimentation rates and normal rates associated with cancer. For many 
years the sedimentation rate, in spite of its nonspecificity, has been 
utilized as a diagnostic and prognostic aid. No reports of' sedimentation 
rates performed on tUin~Dr-bearing animals other than man were found. 
In 1927 Rubin reported his results related to cancer and the 
sediJnentation reaction in man. He was fully aware of the limitations of' 
the test, and he was very critical o:f some of his contemporaries. He 
stated that the test was of value if correlated with other clinical find-
ings. 
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Gueissaa (1923) asserted that a normal sedimentation rate defi-
nitely excluded a malignant neoplasm. Rubin (1927) stated that this asser-
tion was unwarranted, since cancer in its early stage often gave a normal 
sedimentation rate. Gragert (1921) stated that the sedimentation reaction 
could be relied upon to determine the presence or absence ot postoperative 
residue. Rubin (1927) was unable to confirm this observation. 
In his studies of erythrocyte sedimentation on one hundred and 
twent~seven patients with different forms of malil?}:lant tumors and in va-
rious stages of the disease, Rubin (1927) stated that the rapidity of sedi-
mentation was found to parallel the extent of the disease and the condi-
tion of the patient. Progress of the disease was accompanied by an in-
creasing rapidity of red blood cell sedimentation. He could not relate 
ulceration to the sedimentation rate. CaChexia tended to decrease the 
rate. The test was found to have little value in differential diagnosis 
because of its nonspecificity and because early cancerous growths produced 
relatively little alteration in sedimentation velocity. Strictly normal 
sedimentation values were extremely infrequent in the presence of definiteJ.y 
diagnosed cancer. Furthermore, Rubin stated that, although the rapidit.T of 
the erythrocyte sedimentation rate in cancer patients was to a great ex-
tent determined by physicochemical changes in the plasma, the increasing 
anemia of these patients was an additional factor contributing to the rapid-
ity of red blood cell sedimentation rates in these cases. 
Other investigators have noted that the rate of red blood cell 
sedimentation was accelerated in malignancy. Rosenthal and Blowstein 
(1929) reported results of studies on a series of patients with jaundice, 
and incidentally noted that the sedimentation rate of the erythrocytes 
was increased above the normal in sixteen of eighteen patients with can-
cer. Culter (1932) likewise noted that a rapid sedimentatian rate was 
associated only with infectious disease and malignancy. 
Although the rapidity of sedimentation had been regarded as an 
aid in the diagnosis of malignancy, the fact that many cases of proved 
cancer exhibited nor.mal or slow rates limited the diagnostic importance 
of such a test. Koster (19.37) reported a modified erythrocyte sedimenta-
tion technique which depended upon the maintenance of the sedimentation 
rate rather than upon the rapidity of sedi~ntation. He reported that a 
maintained sedimentation rate was characteristic of malignaney. More-
over, Koster suggested that variations in the sedimentation rates were 
associated with increases or decreases of potassium ions in the red bleod 
cells. He believed that, in patients suffering from cancer, these cells 
possessed the peculiar property of retaining potassium ions for a long 
period when stored, whereas the red blood cells of the non-cancerous p&-
tient did not possess this property. Ham and Curtis (19.38), in a com-
plete study of the influences of various factors upon the sedimentation 
rates of the erythrocytes, found little evidence to support this theory 
of Koster. 
Feldman (1940), using Koster's sediment ation technique, report-
ed that the sedimentation rate was maintained a t a constant value over a 
twenty-four hour period in ninety-six percent of his cases with malignant 
neoplasms. He stated that the maintenance of the sedimentation rate of 
the red blood cells, in drawn blood, over many hours was of much practical 
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value to the clinician as an aid in the diagnosis of malignant tumors and 
Hodgkin 1 s disease. He was unable to explain this exceptional behavior. 
Hertz and Rinzler (1942) reported that sedimentation tests, per-
formed by the method of Feldman (1940) on thirty-three patients l'lith 
proved malignancies and sixty-seven patients with pathological conditions 
other than malignancy, showed fifty-four percent positive results in the 
malignant cases and .seventy-two percent negative results in the non-malig-
nant cases. They maintained that in their hands the test was not accurate 
in the differential diagnosis between malignant and non-malignant condi-
tions. 
Bolen (1944) maintained that, in both the early and late stages 
of human .malignancy of the gastrointestinal tract, no significant change 
was noted in the erythrocyte sedimentation rate, except where ulceration 
was noted. In ulcerated cases the sedimentation rate was increased. He 
stated that the sedimentation rate was not a useful diagnostic tool, since 
an increased rate was not present in the early stages o:t malignancy. The 
non-specificity of the test also made it unreliable as a diagnostic tool 
for cancer. Bolen did not use the Koster technique of maintaining the 
sedimentation rate. 
Mendel and Korenberg (1944) employed a modified Koster tech-
nique. They reported that the erythrocyte sedimentation rate in stored 
citrated blood tended to be maintained for a long period of time in pa-
tients harboring malignant tumors, Hodgkin 1 s l.vmphogranulomae, or leukemic 
infiltrations. They also reported, as did Apter, Hull, and Adams (1943), 
that the temperature had an important effect on the sedimentation rate. 
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In addition, Apter, Hull, and Aclams stated that the maintenance of the sed-
imentation rate in stored blood was capricious, and they suggested that 
seemingly significant differences were due entirely to chance. 
(4) Total Red Blood Cell Count, Hemoglobin, and Hematocrit Vall.le 
Many investigators studied the relationship of the total red 
blood cell count, the hemoglobin value and the hematocrit value to the tu-
mor-growth process. ll.any observers classified the type of anemia resulting 
from the tumor-growth process. On the other hand, most of the reports in 
the literature relate but one of the three red blood cell tests to the tu-
mor-growth process, and the literature also contained many reports which 
failed to classify the type of anemia or to explain its origin. 
Many investigators have noted that the latter stages of cancer 
are usually accompanied by a more or less severe drop in the hemoglobin 
level and many theories have been proposed to explain this phenomenon. 
Polk (1904) suggested that cancer has a hemolytic action on the red blood 
cells and that this action may produce the observed anemia associated with 
malignancy. Weil (1908) also suggested that cancers have a hemolytic ac-
tion on erythrocytes. He found that advanced necrotic tumors possessed a 
hemolytic power on the red blood cells. Gorham and Lisser (1912) reported 
that there were hemolysins in the blood of cancer patients, and that these 
hemolysins had a destructive action upon red blood cells. These reports 
of a hemolytic agent or agents, liberated into the blood stream by the 
necrosing and ulcerating areas of tumors, agreed with the consensus that 
the hemoglobin depression was a secondary effect, for they assumed that 
only necrotic or dying tUIIDr could release the hemolysins. 
Alvarez et ,!!! (1927) reported, in their studies of human cancer 
of the colon, that carcinomatous tissue alone, with little or no ulcerated 
surface, lacked the ability to· ·lower the amount of hem:> globin in the body. 
They also stated that the mass of the cancer cells was not the important 
factor in producing anemia. In the ease of carcinoma. of the human bowel, 
the important factor in the production of anemia was the presence of a 
large ulcerated area from which blood could ooze and through which bacteria 
could enter the body. 
Eisen (1928), in his analysis of three hundred and .fifty-three 
cases of hwnan cancer, reported that anend.a was observed to become zoore 
severe as the neoplastic process progressed. He also reported that the 
most severe anemia was associated with cancer of the stomach, especially' 
in those patients with excessive hemorrhage and in whom there had been a 
striking loss of weight. 
Casey and Pearce (1931) were interested in the relationship of 
the total red blood cell count and hemoglobin level to the transplantabil-
ity of· the Brown-Pearce epithelial tumor into rabbits. They reported that 
the most susceptible animals were those l'lhieh had total red blood cell 
counts above fifty-five million or below five million per cubic millimeter 
of blood before inoculation. Hemoglobin values above seventy percent or 
below sixty percent (Newcomer) were also related to tumor susceptibility. 
Pearce and Casey (1931) reported that rabbits successfully inoculated with 
the Brown-Pearce tumor had a reduction in their total erythrocyte COWlt& 
and a reduction in their hemoglobin values. In animals which resisted the 
inoculation, they reported no decrease in either the total red blood cell 
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counts or the hemoglobin level. 
Morrison (1932) reported in his analysis of the blood picture in 
one hundred eases of human malignancy that eighty percent or his patients 
were anemic. The anemia varied from slight to marked. The total red blood 
cell count was slightly decreased in sixty-six percent of the cases, marked-
ly reduced in thirteen percent, and normal or increased in twenty percent 
of the cases. 
Adliwankina (1933) reported the presence of anemia associated 
with human cancer. He stated that in all carcinomatous processes, with the 
exception of those of the skin, there was anemia of the hypochromic type. 
Regenerative changes were indicated by increase of the granulocytic red 
cells; nucleated red blood cells were rare, and megaloblasts were never 
seen. Gastric and uterine cancers caused more severe anemias than did 
those of the breast or esophagus. Cachexia was accompanied by a high de-
gree of anemia. Adliwankina also stated that anemia developed along with 
ulceration of the tumor and with hemorrhage, as well as w.ith secondary in-
faction. 
In 1933 Backofen reported that tumo~bearing mice developed a se-
vere anemia in the advanced stages or tumor growth. Likewise, Putnoky and 
SUmegi (1935) reported that rats implanted with the Ehrlich-Putnoky earci-
noma characteristically showed a severe and progressive anemia. In a study 
f f in • fu II i o the actors eaua g the an~a; · tnoky and Sumeg have found that
1 
the 
animals shewed evidence of severe hepatic damage, with an increase ot he-
molytic antibodies for foreign cells, an increase of serum bilirubin with 
a direct diazo-reaction, urobilinogen-and urobilin-uria, a lowered ga-
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lactose tolerance, and a disturbance of water balance. 
Parsons (1935) reported that her mice bearing spindle-cell sarco-
mas induced by 1:2:5:6-dibenzanthracene-9:10-endo-q~-succinate developed an 
anemia. The anemia shown by the mice with extensive tumors was not marked 
by the presence of many immature red blood cells. She observed normoblasts 
in the blood of some mice. She also stated that an ex.amination of the bone 
marrow revealed that the red blood cell formation was diminished. 
Davis (1937) found that mammary carcinoma growing in mice of a 
tumor-strain was correlated with lower hemoglobin, lower total red blood 
cell counts, and lower red cell volumes. Mice which did not develop tumors 
showed a tendency to overcome the low hem:>globin by an increased red blood 
cell volume. 
Blllmenthal (1941) observed an anemia in his sarcoma-bearing rats. 
He reported t.l}at the red blood cells in the blood of the tumor-bearing 
rats varied greatly in size and shape. There was also an increased number 
of red blood cells with basophilic stippling, as well as an increase of 
reticulocyte a. The bone narrow of the anemic animals showed an increased 
number of immature red blood cells, particularly normoblasts and red blood 
cells with basophilic stippling. Animals with small tumors did not show 
these blood changes. In view of the parallelism between the intensity of 
the leukocytosis and the degree of anemia in bearers of large tumors, 
Blumenthal felt justified in attributing the increase in circulating poly-
morphonuclear leukocytes to the same facts which were also responsible for 
anemic changes. 
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Casey, Pearce, and Rosahn (1942b) reported that among the ninety 
rabbits successfully inoculated with the Brown-Pearce tumor there was no 
significant correlation between the pre-transplantation blood levels of the 
hemoglobin and the incidence of metastasis, the mortality !rom the neoplasm, 
or the number of metastatic foci developed. The pre-inoculation total red 
blood cell levels, however, were significantly related to the spread of the 
Brown-Pearce tumor in animals successfully inoculated. Intermediate val-
ues of the total red blood cell values were associated with fewer metas-
tases and a lower mortality from the neoplasm than were extreme values. 
The hemoglobin level ~ich was related to the success of transplantation 
l'las apparently unrelated to the course of the twnor in the animals success-
fully inoculated. The total red blood cell levels were related to both 
transplantation and spread of the tumor. 
In 1942 Taylor and Pollack in presenting their views on the. ane-
mia associated with tumor growth, stated that most workers have described 
the anemia as a 11secondary anemia'' and that most investigators consider it 
to be the result of the general toxic action of the cancer on the host. 
Such conditions as hemorrhage, infection, the presence of necrotic tissue, 
and general debilitation have been suggested as mediating factors. They 
also stated that the possibility thatoancerous growths might have a direct 
and destructive effect upon the hemoglobin or inhibit its production had 
apparently not been seriously considered. 
Craig !1~ (1941) showed that the concentration of cytochrome C 
in cancer tissue was lower than in normal tissue. Greenstein et al (1941) 
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reported that the introduction of livel"-tumor tissue into an animal pro-
duced a very rapid and striking decrease in the liver catalase concentra-
tion. Taylor and Pollack (1942) stated that both of these observations 
indicated that cancer tissue had an antagonistic action on enzyme systems 
of this type and, since both cytochrome C and catalase enzymes had the 
same type of hemin prosthetic groups as hemoglobin, they felt that hemo-
globin was acted upon in the same manner by tumorous tissue. Furthermore, 
they stated that in the advanced period of twoor growth the primary ef-
fects could not be separated easily from the secondar.y effects. The prob-
lem, therefore, required the study of pre-cancerous and early cancerous 
conditions. Under these early conditions, significant decreases in the 
blood hemoglobin concentration should constitute fairly valid indications 
of an antagonism between cancer tissue and hemoglobin. 
Strong and Werner (1936), Strong (1936), Strong and Francis 
(1937), and Strong and Francis (1940) have presented a very clear picture 
of the blood hemoglobin in relation to inherited cancer susceptibility and 
resistance in inbred strains of mice. They have shown that the hemoglobin 
level of mice of a high spontaneous tumor incidence dropped markedly long 
before cancerous gNwths appeared, in contrast to cancer-resistant strains 
which did not react in this manner. Strong considered this genetically 
determined effect to be unrelated to the anemia whieh appeared after cancer 
developed and which he spoke of as being secondary in nature. 
Taylor and Pollack (1942) made henx>globin ~eterminations on Dba 
mice bearing mammary gland adenocarcinoma. They reported a decline in the 
hemoglobin concentration in the Dba mice even before the tumors were large 
enough to be measured. The later stages of tumor growth showed an evel'-
decreasing hemoglobin level. Only" animals without ulcerated tumors were 
used by them. They explained the initial moderate hemoglobin depression, 
which accompanied the early development of the tumors, · by the antagonistic 
action between cancer tissue and the bloQd hemoglobin. Similar hemoglobin 
depressions were reported by them in rats bearing small, non-ulcerated tu-
mora. 
Taylor, McAfee, and Taylor (1943) investigated the idea that 
mammary carcinomas of the mouse, growing outside the chick proper in the 
yolk sac, but supported by the same vascular system, might have an effeet 
upon the hemoglobin similar to that found in animals serving as hosts for 
neoplasms in the usual manner. They found that hemoglobin levels in 
chicks with yolk sac tumors were depressed considerably below the levels 
in controls. The larger tumors caused hemoglobin decreases in excess of 
fifty per cent. The severity of this phenomenon increased, with minor i~ 
regularities, in direct proportion to the size of the tumor supported by 
the developing chick. They stated that the tumors were young healthy neo-
plasma with no indication of necrosis. They also maintained that their 
' 
results left no doubt that the growth of the foreign malignant tumors in 
the yolk sacs of embryonic chicks induced a decided drop in the hemoglobin 
values, and that it was unlikely that the entire depressant effect upon 
hemoglobin level was merely the result of secondary conditions. They pos-
tulated that, in view of the direct relationship between hemoglobin level 
and tumor size, it might be presumed that the tumor cells produced a sub.-
stance or substances which, when liberated into the blood stream, exert in 
some manner a.n inhibitory influence upon the blood hemoglobin concentration. 
The effect could be produced by either erythrocyte destruction, or through 
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interference with the functioning of the hemopoietic system, or by a combi-
nation of these methods. 
Dunning and Reich (1943), in their studies on seven different 
rat sarcomas grown in rats, reported that the growth of the ttlnX)rs signifi-
cantly decreased the mean hemoglobin level. Studies were made before tumor 
ulceration. The total red blood cell count was significantly decreased in 
all the rats examined, except those which bore sarcomas I. R. s. 1548 and 
146. 
Goulden and Warren (1944) reported the results of their hemoglo-
bin studies on the bloods of mice of the Rill and CBA strains. Blood hemo-
globin was estimated in both sexes of the two strains of mice. In both 
strains the concentration of hemoglobin was higher in the female mice than 
in the male mice of all ages. Female mice of the RIII strain (high in-
cidence of mammary cancer) showed a rapid drop in blood hemoglobin between 
the ages of three hundred and sixty and four hundred and thirty days. This 
drop amounted to about ten per cent of the blood hemOglobin initially pres-
ent and occurred at the age at which spontaneous mammary carcinoma no:rme.lly 
began to appear in female mice of this strain. The CBA mice (low incidence 
of mammary cancer) did not show this decrease in hemoglobin level before tu-
mor formation. These findings agree with the results of Strong and his co-
workers (1936 and 1937). 
In 1944 Bolen reported that in both the early a.rrl late stages of 
human cancer of' the gastrointestinal tract there were no significant changes 
in the hemoglobin level or the total red blood cell counts except where ul-
ceration was noted. Yfuen ulceration was noted, both the heJIW)globin level 
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and the total red blood cell counts were generally observed to decrease. 
Gross (1949) reported the results of his experiments on the des-
tructive action of human cancer extracts on red blood cells !!! vitro. Cer-
tain malignant tumors of man were reported to exert a direct destructive 
action on the red blood cells of man!£! vitro. Gross stated that, should a 
similar phenomenon occur in the living host, a logical explanation of at 
least one cause of the anemia in certain cases of cancer would be at hand. 
Such an explanation, he maintained, would be consistent with reports of re-
covery from anemia by patients relieved of tumors by surgical procedures. 
On the other hand, it was difficult for him to assume that all cases of 
anemia in cancer were caused by a direct destruction of the red blood cells 
of the host, since hemolytic anemia had been observed occasionally in neo-
plastic disease, but this was far from usual. Some other Jmchanism .IIIlst 
have been partially responsible for the development of anemia in certain 
cases of cancer. Gross also stated that theoretically one could assume 
that the destructive action of a diffusable substance, either liberated or 
produced by the tumor, might not be limited to erythrocytes, but might af-
fect, in certain instances, among ot her cells, also those of the bone mar-
row. The hemolytic action observed by Gross was also observed by Polk 
(1904), Weil (1908) and Gorham and Lieser (1912). 
Bateman (1951) also stated that anemia in cancer patients could 
not always be adequately explained by the factors of hemorrhage, infection, 
malnutrition, or l:one marrow replacement by neoplastic tissue. She did not 
find that cancer itself had any specific effect on the blood volume in the 
human cases which she studied. The variability of the character of anemia 
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occurring in cancer suggested to her that a nnltiplici ty of factors were 
involved. She reported that a normochromic, normocytic blood picture was 
present in more than half of the cases, and that macrocytosis occurred 
more frequently than microcytosis. 
(5) Platelet Count 
Platelet counts have been made on tumor-bearing animals by ma.ny 
investigators. The results have varied, since platelets are extremely dif-
ficult to count. Hayem in 1889 was probably the first to observe that the 
platelets were increased in number in cases of carcinoma. Rosenbaum (1924) 
found that the platelets were increased in malignancy~ Rud (1927) studied 
the platelets in forty human females with either basal cell carcinoma or 
adenocarcinoma of the uterus, and reported an increase in the number of 
platelets in the blood which were increased over the average by twenty-five 
per cent. He noted that the highest increase was associated with ulcerated 
tumors, infection, and temperature. Hayem'a dictum was copied by Naegeli 
(1931) without further comment. Perl (1932), however, found that the number 
of platelets was usuall.r at the lower limits of normal. Morrison (1932), 
in his studies on human cancer, reported that the platelets were either 
normal or increased in number. 
Jarcbo (1936} reported that in cases of carcinoma \'d. th purpura 
he found that there was almost invariably an associated lymphangitic car-
cinomatosis of the lungs; this might have been accompanied by tine intra-
vascular deposits in the lungs. He also noted that the bone marrow might 
also be involved. The clinical picture, he maintained, would depend upon 
the involvement of the sites mentioned above. Thus, the platelet counts 
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would depend upon the extent of metastasis to the lungs and the bone marrOW". 
Tocantins (1938), in his excellent report on all aspects of the 
blood platelets, stated that in benign or malignant tumors changes in the 
numbers · of platelets follovted a pattern analogous to that for chronic di-
seases in general. During local development of the growth, there were 
either no changes or an increase in the nwuber of platelets. He also main-
tained that an increase was the rule if there was anemia from occult bleed-
ing. J.loreover, he stated that in advanced stages of malignant tumors ot 
the female genital organs, there was often a thrombopenia. 
Casey, Pearce, and Rosahn (1942a) reported, in their studies on 
rabbits with the Brown-Pearce tumor, that there was no relationship between 
the success of transplantation and the pre-transplantation platelet levels. 
Casey, Pearce, and Rosahn (1942b) reported that the pre-inoculation plate-
let level was significantly related to the spread of the Brown-Pearce twnor 
in rabbits successfully inaculated. Low platelet values before tumor in-
oculation were associated with fewer metastases and a lower mortality in 
animals successfully inacul.ated. The platelet levels, related to the growth 
and spread of the neoplasm, bore ne relationship to the success of trans-
plantation. 
Bolen in 1944 reported that there were no significant changes in 
the platelet counts in both the early and late stages of human malignancy. 
Platelet levels were within normal limits even when ulceration occurred dur-
ing the tumor-growth process. Stats, Rosenthal, and Wasserman (1947) re-
ported that in two of the ten human cases of malignancy which they studied, 
there was a moderate thrombocytopenia and, in both of t hese cases, resulting 
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hemorrhage manifestations were apparent. This finding agreed with that . of 
Tocantins (1938). 
MATERIALS AND METHODS 
The Transplantation Site and the Technique of Transplantation 
The highly vascular hamster cheek-pouch membrane is situated 
within the oral cavity. The hamster cheek pouch is a paired structure. 
Priddy and Brodie (1948) described the arterial and venous blood supply of 
and the innervation to the cheek pouch. The histological structure of the 
hamster cheek pouch has been described by Fulton, Jackson and Lutz (1947). 
The hamster cheek pouch was first used for the transplantation 
of homologous malignant tumor tissue by wtz !i .sJ: in 1950. The cheek 
pouch has since been used for the growth of heterospeeific malignant tumor 
tissue, Handler (1951) and ~mon !1 !l (1952). The technique employed in 
the transplantation of both homologous and heterologous malignant tumor 
tissue is essentially the same. Lutz et al (1951a) described the trans-
--
plantation technique. A detailed description of the transplantation tech-
nique, the apparatus employed, and the methods of tumor observation was 
given by Handler (1951). The transplantation technique, the apparatus, and 
the method of tumor observation used in the present investigation were the 
same as those described by Lutz~!! (195la) and Handler (1951). 
The Sarcoma 
The methylcholanthrene-induced sarcoma of the hamster used in 
this study is related to the ori ginal tQmor described by Lutz !1 !! 
(195la). The original tumor wa.s induced in hamsters by a series of six 
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weekly subpannicular injections of 0.25 cubic centimeter of 0.4 per cent 
methylcholanthrene in oil of lard. The methylcholanthrene-induced tumor 
has been propagated by transplantation in the flank of other hamsters and 
in cheek pouches. 
At the beginning of this investigation, the tumor was in its 
tenth transplantation generation. At the oonelusion of this study, the 
tumor was in its twentieth transplantation generation. The tumor selected 
as donor material was maintained as cheek-pouch tumor since the eighth 
transplantation generation. All donor materials were selected at approxi-
mately the same stage of their growth. Ten days post-ulceration of the 
cheek pouch was chosen as the time for all transplantations for the follow-
ing reasons: 
(1) The rate of tumor growth at this stage was approximately 
arithmetic, considering the large area of observed necrosis; 
(2) After the lag phase, the rate of growth prior to, at, and 
for a time after ulceration was logarithmic. 
Hence, a much larger error could be introduced by transplanting 
donor materials during any period of this logarithmic phase. A more pre-
dictable growth curve resulted from this method of standardization of the 
time of transplantation. Furthermore, in selecting donor material for 
transplantation into hamster cheek pouches, a one cubic millimeter frag-
ment of a ten-day post-ulcerative tumor, which grossly appeared firm, vas-
cular, and free of necrosis, was chosen for transplantation. By selecting 
transplantation material properly, the methylcholanthrene-induced sarcoma 
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of the hamster is one hundred per cent transplantable. 
The tumor was originally diagnosed as a spindle-cell sarcoma with 
areas of pleomorphism, lutz ,!1 !1: (1951a). The tumor has retained an es-
sentially spindle-cell arrangement with, however, fewer and less extensive 
pleomorphic areas and a more uniform array of cell types (Figs. 1, 2). 
The original m:!croscropic description of the tumor is still tenable. In 
the spindle-cell regions, the cells are close together with little, if any, 
collagen. These cells are arranged typically in bundles of different sizes 
which run through the tumor in various directions. The nuclei are elongated 
and vesicular. The tumor is richly vascular, with small arteries and capil-
laries, as well as typical vascular slits. In the pleomorphic regions, many 
types of cells are .found, including multinucleated giant cells. The nuclei 
show a great range of shape, size, and density, and mitotic figures are 
twice as numerous as in the original tumor. 
The Growth Curve of the Methylcholantbrene-induced Sarcoma of the Hamster 
Lutz ~ ,!! (1951a) described the growth of the methylcholanthrene-
induced sarcoma or the hamster in the cheek pouch of the hamster. They 
stated that the average length of time from transplantation to the first 
measurable increase in size was four days. During this time, vasculariza-
tion appeared to be established. In the next ten days, the transplants 
gradually increased in size. After the fourteenth day, growth was exceed-
ingly rapid. The time at which ulceration occurred varied between 2A and 
43 days (average day of .ulceration, 26 days) .from transplantation. After 
ulceration occurred, the size was difficult to determine, but the total in-
crease in volume was definitely retarded. They studied the rate of growth 
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of the tumor through the first two transplantation generations and reported 
that each transplantation-generation (passage) was followed by an increased 
rate of growth of the transplant. 
The shapes of the grolvth curves of the tumors used in the present 
investigation (tenth-passage transplants to twentieth-passage transplants) 
are the same as those drawn by lutz ~ !l (1951a). However, the entire tu-
mor-growth process has become telescoped. The average length of time from 
transplantation to the first measurable increase in size has become two 
days. Vascularization appears to have become established during the first 
three days. The transplants gradually increase in size until the fifth day. 
After the tenth day, growth proceeds exponentially. Ulceration occurs be-
tween the fifteenth and twentieth day after transplantation. Transplants 
continue to increase in volume after ulceration. However, the presence of 
necrotic material at the point of ulceration introduces an error into sub-
sequent tumor measurements. Statistically, it is not possible to demon-
strate that each passage between the tenth and the twentieth generation is 
followed by an increased rate of growth of the transplant. The tumor may 
have become stabilized in its rate of growth. In the present study the 
growth curve of the methylcholanthrene-induced sarcoma of the hamster is 
based on average values obtained for transplants in the tenth to the 
twentieth transplantation generation (Table 1 and Chart 1). 
Tumor Growth Curve TerminologY Defined 
Certain 'terms related to the growth of the methylcholanthrene-
induced sarcoma as observed in the cheek pouch of the hamster should be de-
fined. 
AVEH.AGE 70LlJt~lES OF .ldETHYLCHOLANTHRENE-INDUCED H.AMSTER SARCOMAS FOR 
POOLED DATA OF GENERATIONS 
10 to 20 
Days after Average Range 
Tumor Trans- No. of Volwne, Volume, 
plantation AnLrnals cu. rrun. cu. rrun. 
1 21 2.4 1.2 - 3.4 
3 100 5.5 1.4 - 15.0 
5 100 10.8 2.3- 40.0 
6 43 22.4 5.0 - 49.5 
7 30 34.8 14.0- 113.0 
10 100 113.5 15.0 - 360.0 
15 100 789.5 48.0 - 2,700.0 
18 48 1,439.3 88 .0 - 3,060.0 
20 100 2,597.7 304.0 - s,ooo.o 
25 100 4,277.0 720.0 - 12,500.0 
30 100 5,633.5 1,620.0 - 15,000.0 
35 100 7,416.0 2, 234.0- 17,280.0 
40 100 10,180.0 5,200.0 - 13,500.0 
--
45 Accurate measurements were not possible, since 
50 tumors were extremely necrotic. 
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Lag period: The lag period is the time during the growth of a 
transplant when the latter is increasing in size at a slow rate. This 
period is of about five days duration. During this time interval, the 
transplant becomes vascular. 
Vascularization: A transplant is said to be vascular when blood 
vessels can be observed to penetrate the tumor mass. However, such penetra-
tion of the transplant by the blood vessels does not necessarily mean that 
the blood vessels are functional, for the endothelial ends of the blood ves-
sels may not be open. Blood vessels are observed to penetrate the tumor 
transplants in from one to three days. 
Observed tissue reaction: The vascular and connective tissue 
response to a transplanted bwmor can be observed as a red area over, on, or 
around the transplant. The only observable characteristic of the tissue re-
action is the observed red area, which has been called hemolysis. The tis-
sue reaction generally accompanies the lag period and the period of vascu-
larization. Hellk)lysis has been observed for as long as fifteen days after 
transplantation and was then associated with the logarithmic period of 
growth. Hemolysis increases for about five days after transplantation and 
then subsides, usual.l,y disappearing by the tenth day (Figs. 3, 4, 5, 6). 
Hemolysis does not accompany every tumor transplant. Approximatel.1' sixty 
per cent of the transplants fail to show hemolysis. 
Log period: The log period is the time during the growth of a 
transplant when the latter is increasing in size at an exponential or log-
arithmic rate. The log period fol.loYTS the lag period and is of much lon-
ger duration than the lag period. 
fig. 3. Three-day methylcholanthrene- induced hamster sarcoma grovm in 
the hamster cheek pouch . Blackened area of hemoglobin hemor-
rhage represents the observed tissue reaction. Orig . mag. 
xlO. 
Fig . 4 . Five-day methylcholanthrene-induced hamster sarcoma gr~vn in 
the ha~ster cheek pouch . Area of hemoglobin hemorrhage more 
ID.arked than in Fig . 3. Orig . mag . xlO . 
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Fig. 5. Seven- day methylcholanthrene- induced hamster sarcoma grown in 
the hamster cheek pouch . Observed tissue reaction is reduced 
when compared with Fig. 4 . Orie . mag . xlO. 
Fig . 6. Ten- day methylcholanthrene-induced hamster sarcoma grovm in the 
hamster cheek pouch. Observed tissue reaction can be noted. 
Area of hemoglobin hemorrahage generally disappears by the tenth 
day after transplantation . Orig . mag. xlO . 
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tle success in obtaining blood from the small, blunt tail of the hamster. 
Blood, however, can be obtained from the tail of the hamster in sufficient 
quantity to perform most cellular hematological studies. Blood cannot be 
obtained from the tail of the hamster in sufficient quantity to perform 
llBll.tiple studies on the same sample. The taU puncture was employed suc-
cessfully to obtain blood for differential white blood cell counts. 
Hamsters anesthetized in the same manner as described above, un-
der the cardiac puncture technique, were then placed on their ventral sides. 
The hair was removed from the tail with a pair of scissors. The tail was 
then cleaned with seventy per cent ethyl alcohol and allowed to dry. The 
tail was then massaged with forceps in a proximal distal direction to in-
crease its vascularity. A small horizontal incision was made with a ster-
ile scalpel blade, the tail being held with the forceps. The first drop of 
blood was wiped clean, and the second drop was used in making the srooar for 
the differential white blood cell count. The tail was then painted with a 
seven per cent tincture of iodine solution. No infection occurred at the 
incision. Tail punctures could be repeated at two-day intervals. 
The Hematological Techniques Employed 
(1) Differential white blood cell counts 
Blood for differential white blood cell counts was obtained by 
both tail and cardiac punctures. No statistical difference eould be demon-
strated in the counts obtained on the samples of blood drawn from these 
sites by either the Fisher Student t test (Fisher 1950), or the Snedecore 
variance ratio test (Snedecore 1946), or the approximate method of Cochrane 
and Cox, Snedecore (1946). The blood smears were made by the two slide 
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method (Todd and Sanford 1948). The smears were stained with Wright's 
stain, and the staining procedure was essentially the same as that des-
cribed by Todd and Sanford (1948). Distilled water was used instead of 
the buffer solution of pH 6.4. 
Goldner and Mann (1938) concluded that for leukocyte percent-
ages based upon a total count of two hundred white blood cells the "max-
imum" variation was six percent men the white blood cell percentages 
ranged between thirty and seventy percent. Therefore, all differential 
counts were based upon three hundred white blood cells, for this insured 
even greater accuracy. Four types of ~te blood cells found in the ~ 
ster were studied, namely, the neutrophile, lymphocytes, monocytea, and 
eosinophils. 
(2) Total white blood cell counts 
Cardiac punctures were employed to obtain blood for the total 
white blood cell counts. Using the white blood cell diluting pipette, 
the blood was diluted 1:20 with Tuerk' s diluting fluid. The procedure 
followed was that outlined by Todd and Sanford (1948) for filling the di-
luting pipette, counting the leukocytes and preparing Tuerk1 s diluting 
fluid. The counts were made in a Spencer Bright-Line Haemocytometer. 
Sturgis (1948) cited the errors in white blood cell determina-
tions. He stated that greater accuracy was insured by basing the counts 
upon two-chamber averages rather than on one. Therefore, all total white 
blood cell counts in this study were based upon two-chatnber averages. 
The leukocytes counted in the four corner sixteen-a~re groupings in the 
ruled area of the haemocytometer were multiplied by 50, Todd and Sanford 
(1948) . Thi s procedure gas r epeated in a second chamber and the avera e 
taken. The counts wer e made vdth t e high-power dry objective and with 
the lOx ocular. 
(3) Sedimentation rate 
The microsedimentation method of Landau (1933) was employed t o 
determine the sedimentation r a t e . The Landa capill ary tubes were cleaned 
and dried bef re use . A capillary tube was f itted int o the check syringe 
and five er cent sodium citrate solution .was drawn up i nto the tu e by 
turning the syr ' nge rod until the top of the meniscus reached the lowest 
mark on the tube. A cardiac uncture was made a d the b ood was placed on 
the paraffin in a stender di sh . The blood l'laS t hen drawn up into the cap-
i.llary tube unti l the uppe r meniscus of the corrunon column of liquid reached 
the upper mark on the t ube. Ca e w s taken to prevent ai r bubbles fro en-
tering the blood column of the capillary. The citrated blood was then 
drawn up into the ampulla of the capillary tube, but not comple tely, for 
the lower me iscus of t e blood column was stopped a few millimeters below 
the lo er opening of the ampulla to pr event the formation of ir bubbles. 
The citrated blood \ms then lowered slowly into the capillary tube ru1d 
drawn up into the ampulla two more times to complete the mixing process . 
Finally, the eitra ted blood was lovered into the capillary tube, the en-
in of t he tube ·1as close, with the thumh, the syringe l'Jas removed from 
the tube and placed in the sedimentation rack. The sedimentation rate as 
read in millimeters per hour. 
If bubbles were found in the capillary tube, the bl oo vas drawill 
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and the counts were averaged to obtain more reliable data. The following 
formula was used to calculate the platelets per cubic millimeter of blood: 
No. of platelets per cubic millimeter = Average no. counted x 8000 
The formula used was a modification of that used by Wintrobe (1946). In 
this study one hundred small squares in the 11red cell11 area were used for 
counting instead ef the four hundred small squares as suggested by Wintrobe. 
(5) Total red blood cell counts 
As noted above, the platelet diluting fluid of Rees and Ecker 
does not destroy the red blood cells. Therefore, the red blood cells were 
counted in the same chamber as the platelets. First the red blood cells 
were counted and then the platelets. The red blood cells were counted in 
eighty small squares of the central square millimeter ruling of the Spencer 
Bright-Line Haemocytometer. The count was made with the high-power dr,y ob-
jective and with the lOx ocular. The cells in two chambers were counted 
and averaged to increase the accuracy of the count. The standard hematolog-
ical method was employed to calculate the number of red blood cells per 
cubic millimeter of blood, Todd and Sanford (1948). 
(6) Hemoglobin 
Blood for the hemoglobin determination was obtained by cardiac 
puncture. The blood was placed in a Fisher herooglobin diluting pipette and 
diluted 1:200 with one tenth normal hydrochloric acid. The diluted bloed 
was allowed to stand for one hour in a Fisher photometric cell. At the end 
of this period, the photometric cell was placed in a Fisher Hemoglobinometer 
and the hemoglobin was determined directly in grams per one hundred milli-
liters of blood. The method used was essentially an acid hematin method, 
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since it depended upon the conversion of hemoglobin into acid hematin with 
dilute hydrochloric acid. 
( 7) Hematocrit 
Blood withdra\m from the hamster's heart was placed on the tnraf-
fin in a stender dish. The blood was then drawn by suction to the upper 
:mark on the stem of a Van Allan Exax Blue Line hematocrit tube. A 1.34 pel"-
cent potassium oxalate solution was then drawn up into the tube until the 
bulb was about half full. The tube was closed by means of a special spring 
sealing clip. The tube was then centrifuged for ene hour at 2300 r. p. m. 
in an International Clinical Centrifuge No. Y309 in order to settle the red 
blood cells. Cruz and Ubatubo (1947) stated that one hour at 3000 r. p. m. 
was necessary to settle completely the red blood cells of the hamster. Ho~ 
ever, in this study it was found that one hour at 2300 r. p. m. in the cen-
trifuge noted above completely settled the red blood cells. The height of 
the column of packed red cells represented the relative volume of red cor-
puscles in the blood and was read directly in percent, Wintrobe (1946). 
Preparation of Microscopic Materials 
(1) Histological slides 
All materials prepared for histological study were fixed in 
Bouin' s solution, dehydrated with graded percentages of ethyl alcohol and 
embedded in tissue mat. The sections were cut at from four to eight mi-
crons and were stained with Harris's hematoxylin and eosin Y and phloxine b. 
(2) Bone marrow smears 
The marrow was obtained !'rom the femurs of sacrificed hamsters. 
The muscles were dissected away from the bone. The femur was detached from 
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the acetabulum and from the patella region. The marrow cavity was exposed 
by inserti ng the point of a scissors between the medial and lateral oondyles 
and cutting in a proximal direetion. The marrow was then removed from the 
exposed marrow cavity with an eighteen-gauge needle and placed on a clean 
glass slide. The two slide method was employed to make the marrow snear. 
The smears were then fixed for five minutes with absolute methyl alcohol. 
The fixed and dried smears were stained w.i.th both Wright's stain 
and Giemsa1 s stain. The smears were covered with Wright's stain for three 
minutes. Distilled water was then added, about one drop for every drop of 
Wright's stain. After five minutes the Wright's stain and distilled water 
were removed. Giemsa1 s solution (one cubic centimeter per ten cubic centi-
meters of distilled water) was then added to the smear. After fifteen min-
utes the Giemsa1 s solution was removed and the smear was placed in distilled 
water for thirty seconds. The smear was then rinsed in neutral water (dis-
tilled water to tap water in a ratio of one to one), air dried, and examined. 
(3) HemolYsis 
To demonstrate the hemolysis associated with the observed tissue 
reaction, the Lepehn~Pickworth technique (Lillie, 1948) was employed. The 
entire cheek pouch and transplanted tumor were removed by the method de-
scribed by Handler (1951). The cheek pouch was pinned out on a paraffin-
filled petri dish and fixed overnight in a ten percent formalin solution. 
The preparation was washed for thirty minutes in distilled water. The mate-
rial was then placed in benzidine and nitroprusside reagents for thirty 
minutes at thirty seven degrees Centigrade. (One hundred milligrams of ben-
zidine were added to 0.5 cubic centimeter of glacial acetic acid. Twenty 
cubic centimeters of distilled water were added. One hundred milligrams of 
sodium nitroprusside were dissolved in ten cubic centimeters of distilled 
water. The two solutions were mixed and seventy cubic centimeters of dis-
tilled water were added. The reagent was made fresh before use). Frequent 
agitation of the preparation was necessary while the latter was in this 
solution. The preparation was then washed for ten seconds in distilled 
water and placed in freshly prepared 0.05 percent hydrogen peroxide at 
thirty-seven degrees Centigrade for thirty minutes. Frequent agitation was 
necessary. Then the eheek pouch was washed in distilled water and dehy-
drated with graded percentages of ethyl alcohol (35, 50, 70, 95, and 100 
percent), the preparation being allowed to remain in each solution for one 
hour. The pouch was cleared in methyl salicylate and mounted. Hemoglobin 
was colored black, while other structures remained pale gray. 
Experimental Procedure 
Experiments were designed to study the ten blood cell factors 
(neutrophile, lymphocytes, monocytes, eosinophils, total white blood cells, 
sedimentation rates, platelets, total red blood cells, helDOglobin, and he:rm-
tocrit) in relation to the growth of the m.ethylcholanthrene-induced sarcoma 
of the hamster in the cheek pouch of the hamster. Employing the twoor de-
scribed above, the transplantation technique of Lutz ~ ~ (1950), and the 
hematological techniques described above, the ten pretransplantation and 
post-transplantation blood cell faetors were related to the various phases 
of the growth curve of the methylcholanthrene tumor. The ten blood cell 
factors were related to the observed tissue reaction, the lag period, the 
log period, ulceration and edema. 
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All hamsters were fed a diet of Purina Laboratory Chow and water, 
~ libitum, during all phases of the investigation. The ten blOod cell 
factors Ytere determined in normal hamsters of mixed sex, eight to ten weeks 
old. Two determinations were averaged to establish the nonn.al in any one 
animal. Therefore, the animals received two cardiac punctures or two tail 
punctures before tumor transplantation. Ten days were allowed to elapse 
between these 11normaln determinations. On the day of the second "normal11 
determination, a one cubic millimeter fragment of the methylcholanthrene-
induced sarcoma. was transplanted to the hamster cheek pouch. Blood was 
then examined every five days and tumor observations and measurements were 
made at these five-day intervals. However, in addition to the determination 
of differential counts at the usual five-day intervals, differential counts 
were also made on the first and third days after tumor transplantation to 
note whether there was any alteration in the leukocytes during the first 
few days of tumor growth. 
The total red blood cell counts (and since it was so convenient, 
the platelets), the hematocrit, and the hemoglobin determinations were made 
on the same group o.f animals, twenty hamsters of mixed sex, eight to ten 
lTeeks old. Such a grouping of these blood factors was essential to study 
the mean corpuscular hemoglobin, the mean corpuscular volume, and the mean 
corpuscular hemoglobin concentration. The total white blood cell counts 
were studied in a group of twenty hamsters of mixed sex, eight to ten weeks 
old. Likewise, differential white blood cell counts were studied in twenty 
other hamsters of ralxed sex, eight to ten weeks old. Occasionally, total 
white blood cell counts were made on hamsters in the group being studied far 
differential white blood cell counts, and~ versa. The sedimentation 
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rates were studied as a single factor in one experimental group of twenty 
hamsters of mixed sex, eight to ten weeks old. 
During the course of this study, it was found advisable to pel.'-
form certain control experiments to preclude the possibility that the ef-
fects observed and results obtained might be related to the cardiac punctUle 
technique, diet, or other such factors, rather than to tumor growth. There-
• 
fore, the following control experiments were perfonned: 
(1) Bleeding ha115ters wery five days and removing 0.05 to 0.07 
cubic centimeter of blood could produce an alteration in the blood-cell .mol'-
phology and an anemia. Sturgis (1948) stated that anemia was produced in 
animals by constant bleeding. Therefore, to determine the possible anemia-
producing effect, or other blood cell alterations of chronic bleeding, a 
control group of twenty hamsters of mixed sex, eight to ten weeks old, was 
used. 
Methylcholanthrene-induced tumors were not transplanted to this 
control group. Normal blood-cell vallles were established in this group in 
the same manner as in the experimental animals. However, the tail puncture 
was not used to make differential white blood cell counts; the cardiac 
puncture was used for all blood tests. After establishment of the normal 
blood cell values, the animal s were bled every five days for fifty days. 
Thus, twelve cardiac punctures were made at the same time intervals as the 
punctures made in the experimental group. Both the experimental group and 
this control group received the same number of cardiac punctures. All of 
the ten blood cell factors noted above were investigated by the techniques 
previouslY described. 
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(2) Ulceration of the hamster cheek pouch could result in a con-
stant blood loss as the tumor process continued. Eventually, this blood 
loss could lead to an anemia. A group of fifteen hamsters of mixed sex, 
eight to ten weeks old, was used to determine whether chronic bleeding was 
present. The methylcholanthrene-induced sarcoma was transplanted to the 
left cheek pouch of these animals. The benzidine test was used to detect 
occult blood in the feces of tumor-bearing hamsters. The test was per-
formed every five days during the tumor growth process. Occult blood would 
thus be detected in the feces if the animals bled from cheek pouch tumors 
in sufficient quantity during the period of tumor growth. 
The following procedure was adopted in performing the benzidine 
test: Twenty-five fecal pellets were selected at random from one hamster 
and placed in twenty-five cubic centimeters of tap water. After twenty 
minutes, the pellets were mashed with a stirring rod. An equal volume of 
ether was added and the mixture was shaken well. The ether with the dis-
solved fat was then discarded. The residue was acidified with glacial 
acetic acid and a volume of ether equal to the volume of glacial acetic 
acid was added. The ether extract was then stratified over a saturated 
solution of benzidine in glacial acetic acid to which was added a three per 
cent solution of hydrogen peroxide. A positive test for occult blood would 
produce a blue to black ring which would appear at the interface within one 
minute. The test was repeated every five days for fifty days of tumor 
growth. 
(3) An alteration in the red blood cell picture could be pro-
duced by the presence of hemolytic bacteria. With the ulceration of the 
57 
hamster cheek pouch, a possibility existed that hemolytic bacteria, nor-
mally found in the oral cavity, might penetrate the vascular system. 
A grcup of ten hamsters af mixed sex, eight to ten weeks old, 
was studied. Normal total red blood cell coWlts, hemoglobin and hemato-
crit values were established for this group in the manner previously de-
scribed. The methyleholanthrene tumor was transplanted to the left cheek 
pouch of these animals. Every five days after tumor transplantation, 
blood was removed by cardiac puncture and the total red blood cell counts, 
hemoglobin and hematocrit values were determined. At the tlrlrtieth day, 
the same three blood . tests were performed, but in addition, the blood was 
plated out on blood agar plates. 
In order to plate out the blood under sterile conditions, the 
following procedure was used: The technique employed in making the cardiac 
punctures was exactly the same as previously described. However, the hair 
around the xiphisternum was shaved from the hamsters and the area was 
painted with a seven percent tincture of iodine solution prior to making 
the cardiac punctures. Also, the boiled syringe and needle were flushed 
with five percent sterile sodium citrate solution. One half of the blood 
obtained by cardiac puncture was placed in a sterile test tube. This 
blood was then plated on blood agar plates by using standard bacteriologi-
cal techniques. The plates were incubated for forty-eight hours at thirty-
seven degrees Centigrade. The plates were examined after twenty-four and 
forty-eight hours. The other half of the blood in the syringe was placed 
on a paraffin-filled stender dish and the red blood cell tests mentioned 
above were performed in the usual manner. This procedure was continued 
until the end ot the study, namely, fifty days after transplantation. 
A group of ten non tumor-bearing hamsters of mixed sex, eight to 
ten weeks old, was used as controls in this bacteriological work. mood 
was removed from them by cardiae puncture in the same manner as stated a-
bove, and the blood was plated onto blood agar plates and incubated at the 
same temperature and for the same length of time as for the tumor-bearing 
group. These controls were always tested along with the experimental group. 
(4) An alteration in the red blood cells could be produced by 
malnutrition or lack of nutrition. The presence of large tamers in hamster 
cheek pouches could result in an anemia, for large tumors could prevent the 
hamsters from eating. 
Food consumption was measured in a group of twenty-five hamsters 
of mixed sex, eight to ten weeks old. The food intake was computed in 
grams of food consumed per twenty-four hours. The number of fecal pellets 
produced in twenty-four hours was also determined. 
Fifteen animals received cheek pouch tumor transplants. Cardiac 
punctures were performed on these animals every five days; no blood tests 
were made. However, total red blood cell counts, hemoglobin values and 
hematocrit tests were perfo~ed on those animals which eon~ed less food 
than the non tumor-bearing controls. The grams of food consumed and the 
number of fecal pellets produced in twenty-four hours were computed for all 
fifteen tumor-bearing hamsters approximately every two days for fifty days. 
Ten hamsters ~re used as controls. These non tumor-bearing ani-
mals received cardiac punctures every five days, but no blood tests were 
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performed. Food consumption in these animals was measured by the grams of 
food eaten in twenty-four hours and the number of fecal pellets produced. 
Food consumption was measured at the same time intervals and for the same 
duration as in the tumor-bearing hamsters. 
(5) The absorption of necrotic products during the tumor-growth 
process could produce an alteration in both the red blood cells and the 
white blood cells. A group of six hamsters of mixed sex, eight to ten 
weeks old, was used in this experiment. Normal values for all ten blood 
cell factors stated above were determined in these animals by using the 
cardiac puncture technique and the hematological methods described above. 
Three hamsters received one intraperitoneal injection of 0.5 
cubic centimeter of a cell-free extract of necrotic material, and three 
hamsters received this same volume and dosage of necrotic material as a 
single direct injection into the connective tissue of one cheek pouch. 
Methylcholanthrene-induced sarcomas, which had been nurtured in the ~ 
ster cheek pouch and which contained large areas of necrosis, were used. 
Such tumors were removed from the cheek pouch, the necrotic material was 
weighed and ground with sand in a mortar. This mecha..rdcally macerated ma-
terial was then placed in 0.85 per cent saline solution. The proportion 
of saline to necrotic material was thirty cubic centimeters to one gram. 
The saline solution containing the necrotic material was then passed through 
a Buchner funnel. The filtrate was passed through an N Berkefeld filter in-
to a sterile flask. The last filtrate was then plated onto nutrient agar 
to check its sterility. 
The ten blood cell factors were determined in the injected h~ 
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sters five days after the injection. 
(6) Kelsall (1949) reported that extramedullary myelopoiesis was 
observed in the spleens of hamsters which had subpa.nnicular transplants of 
a ~d-cell sarcoma originally produced by 9,lo-dimethyl-1,2 benzanthra-
cene. The liver was also a site for extramedullary myelopoiesis in some 
hamsters. Such splenic and liver changes were observed by her after s~ 
teen days of tumor growth without bleeding of the hamsters. The occurrence 
of extramedullary hematopoiesis has also been observed in the spleens of 
mice which bore chemically-induced back tumors. 
Chronic bleeding can also produce extramedullary hematopoiesis, 
Maximow and Bloom (1943) and Wintrobe (1946). Therefore, to note the pos-
sible effects of chronic bleeding and tumor growth per ~ on the spleens 
and livers of the hamsters used in this study, and thus a possible alter~ 
tion of the hematological findings, spleens and livers were removed and 
sectioned. Spleens and livers were removed from hamsters that possessed 
methylcholanthrene tumors but had no heart punctures. Spleens and livers 
were also removed from hamsters with methylcholanthrene-induced sarcomas 
and which had cardiae punctures. Finally, spleens and livers were remved 
.from non tumol'-bearing hamsters which received cardiac punctures. 
The spleens and livers were removed from the three groups of ani-
mals at comparable days and the material was sectioned and stained in the 
manner described above. 
(7) The technique previously described was used to make bone 
marrol'f smears on hamsters 'Which had methylcholanthrene cheek pouch tumors 
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but which had not been given heart punctures. Like,~se, bone marrow smears 
were made on hamsters with methylcholanthrene cheek pouch tumors and which 
had received cardiac punctures. Finally, bone marrow smears were made on 
animals which had heart punctures only and no transplanted tumors. Bone 
marrow smears were made on comparable days. 
RESULTS 
A. Experimental 
The ten hematological factors studied in relation to the growth 
of the methylcholanthrene-induced sarcoma in the cheek pouch of the hamster 
yielded definite results. Certain blood-cell factors showed marked changes 
during the tumo:r-growth · process. Other blood-cell factors showed minor 
changes or no changes during the pro cess of tumor growth. 
Differential White Blood Cell Counts 
The data for the differential white blood cell counts are SUIDI-
.marized in Tables 2 and 3. Examination of Tables 2 and 3 indicates that an 
experimental group of twenty animals was used at the start of the experi-
ment. Eighteen animals survived. Tail punctures and cardiac punctures were 
used in this experiment. 
The normal average neutrophil percentage vas found to be 29.53 ! 
8.01 for hamsters · f mixed sex, eight to ten weeks old. The normal average 
lymphocyte percentage was found to be 66.93 ± ?.61 for eight to ten week 
old hamsters of mixed sex. The average neutrophil percentages wo:r@ observed 
to increase with tumor age. These percentages showed a progressi.ye increase 
from 29.53 i 8.01 at the beginning of the experiment to 74.33 J: 11.50 after 
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NEUTROPHII.S AND LT&HOCYTES IN NORMAL AND TUlOC)R-BEARING HAliSTEPuS . 
Days afte1 .. Neutrophils Lymphocytes 
Transp1a.n- No. of No. of Average, Standard .Average, Sta11.dard 
tation Punctures Animals per cent Deviation :Variance per cent Deviation Yariance 
0 2 20 29. 53 ::t: 8.01 64.:13 66 .93 * 7. 61 57. 85 
1 3 20 30 .33 . :i: 8.25 68.08 66.35 * 8. 21 67.4 
3 4 20 35.45 * 4.08 16.70 62.55 * 3.75 14.1 
- 5 5 20 36.50 :r 8. 66 75 . 10 62.70 :t 9.47 89. 7 
10 6 20 38.20 ~ 9.90 98.1 57.5 1: 9. 70 94.1 
15 7 ;;!) 41.40 :J; 10.5 111. 0 57.3 :± 10 .8 115 . 2 
2() 8 20 53.88 :t 1.4 . 8 219.0 41.23 ±15 . 2 229.4 
25 9 20 64. 85 4 12.4 152.8 32.80 :t 12. 7 160 .3 
30 10 20 71.95 * 7.39 54. 65 24 .85 ± 6.82 46. 5 
35 11 20 71.25 -t 4.34 18.85 25.05 ± 4.80 23.05 
40 12 18 77.08. :t 2.49 6. 20 21.58 :t 4.49 20 . 12 
45 13 18 78.38 -! 7.23 52.33, 19. 61 ± 6.67 44 .• 5 
50 14 18 74.33 :t 11. 5 130.8 23 . 92 ±11.1 122. 2.3 
------·- - - -
Tab-le 2 
~ 
MONOCYTES AND EOSI NOPHilS I N NORMAL AND TUMOR-BEARING HA15TERS. 
Days after Monocytes Eosinonhi1s 
Transp1at;t- No. of No . of Average, Standard Average, St andard 
tation Punctures Animals per cent Deviation Variance per cent Deviation Variance 
0 2 20 2. 75 ± 1.027 1.056 1.18 ± 0. 333 o.uo 
1 3 20 2.08 ± 0. 627 0. 393 1.01 ± 0 .170' 0.029 -
3 4 20 1. 58 ± 0 .383 0 .147 0.88 ± O.J.3.1 0. 1710 
5 5 20 1 .37 ± 0.501 0. 251 0.77 ± 0.146 0 .2128 
-
10 6 20 2.049 ± 1. 28 1.639 1.198 ± 1,110 1. 234 
15 7 20 1. 582 ± 1. 37 1.883 0. 902 ± 0 .723 0. 5235 
20 8 20 2.198 ± 1.18 1. 3952 1.214 ± 0. 506 0. 2563 
25 9 20 1 .815 :l: 0 .829 0 . 6872 0.7655 ± 0. 699 0. 4891 
30 10 20 2. 716 :t 0. 931 0.8674 0. 9910 ± 0.859 0. 7291 
35 11 20 3.274 :t 1.38 1.8936 0.785 ± 0.457 0. 2091 
- . ~ 
·- -- - -
40 12 18 2. 277 :t 0. 804 0 . 646 0. 489 ::1: 0.500 0.250 
-· -.-......: 
45 13 18 1.833 :t 0 .. 184 0.034 0.5822 ± 0.9J6 0.819 
50 14 18 1. 438 :t 0. 210 0e4LI.0 0. 323 ± 0.097 0.0094 
-~ :::. .. 
Table 3 
2=' 
fifty days of tumor growth. The average lymphocyte percentages showed a 
progressive decrease as the tumor process continued. These percentages de-
creased from a normal average of 66.93 i 7.61 to an average of 23.92 ± 
11.10 after fifty days of tumor growth. 
An examination of Chart 2, which is based upon Table 2, reveals 
several facts. As the methylcholanthrene-ind.uced tumor grew, the average 
neutrophil percentages increased, while the average lymphocyte percentages 
decreased. There was a reversal of the average neutrophil percentages to 
the average lymphocyte percentages by the seventeenth day. Statistically, 
the average percentage of neutrophile at the tenth day was significantly 
higher than the average percentage at the beginning of the experiment 
(P)O.Ol). Employing the Fisher Student t test, a statistically significant 
increase in the average percentage of neutrophils was demonstrated before 
ulceration of the cheek pouch. Fifteen percent of the animals had a late 
ulceration date, forty days after tumor transplantation. These animals 
showed a progressive increase in their neutrophil percentages before ul-
ceration of the cheek pouch and a definite neutrophilia by the twenty-fifth 
day after tumor transplantation. In all animals, the rate of increase in 
the percentage of neutrophile appeared to be much greater after ulceration 
of the cheek pouch. 
The average lymphocyte percentages decreased \vith the tumor-
growth process. Statistically, the average percentage of lymphocytes at 
the tenth day wa~ significantly lower than the average percentage at the 
start of the experiment (P)O.Ol). A statistically significant decrease in 
the average percentage of lymphocytes was demonstrated before ulceration 
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of the hamster cheek pouch by employing the Fisher Student t test. The 
decrease in the average percentages of lymphocytes appeared to be more pro-
nounced after ulceration of the cheek pouch. A decrease in the average 
percentage of lymphocytes was always accompanied by an increase in the 
average percentage of neutrophile. The increase in the average percentage 
of neutrophile and the decrease in the average percentage of lymphocytes 
was not a relative change, but an absolute increase or decrease in these 
values, When compared with the total white blood cell averages as shown in 
Table 5. 
The observed tissue reaction, Which lasted from one to ten days 
when present, subsided as the average lymphocyte percentages decreased and 
the average neutrophil percentages increased. Hamsters with high average 
lymphocyte counts, greater than one standard deviation above the average, 
prior to tumor transplantation had a marked tissue reaction which was 
characterized by a dark hemolysis which persisted for ten days. On the 
other hand, high average neutrophil counts, greater than one standard de-
viation above the average, before tumor trans.plantation did not appear to 
be related to a severe observed tissue reaction. However, low average 
neutrophil or low average ly.mphocyte percentages at the beginning of the 
experiment did not ~ppear to be associated vdth a marked tissue reaction. 
The edema observed around the transplanted tumors in some ani-
mals did not seem to be associated with neutrophil and lymphocyte percen-
tages, regardless of their values, prior to tumor transplantation. 
Metamyelocytes were observed in ten per cent of the hamsters 
with twenty-five day tumors (Fig. 9). The frequency of these yoWlg cells 
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j i g . 9. Metamyelocyte in the peripheral b lood of a hamster bearing a 
forty- day methylcholanthrene- induced hamster sarcoma in its 
cheek pouch . Ori g . Mag . "1$70. 
Fi g . 10 . l,Iye locyte in the peripheral blood of a han1ster bearing a 
f orty- day m.ethylcholaYJ.t hrene-induced hamst.er sarcoma in 
its cheek pouch . Orig. mag o x::no. 
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nifica.ntly lower than the normal average percentage of monocytes (P equals 
0.05). 
Chart 3, which is a graph based upon the data of Table 3, de-
picts the fluctuations in the average percentages of monoeytes and eosin-
ophile with relation to tumor growth. As stated above, definite trends 
were not observed. However, there is a tendency for the average percen-
tages of eosinophile to decrease in the later stages of tumor growth. 
Since the percentages of monocytes and eosinophile remain within the 
statistical limits of variation during the early stages of the tumor 
growth process, observed tissue reaction, edema and ulceration can not be 
related with an alteration in the average percentages of monocytes and 
eosinophils. 
Table 4 depicts an analysis of the bone marrow response. The re-
lationship between the mature (filamentous) and the immature (non filamen-
tous) neutrophils is shown. The percentages of neutrophils with 11toxio 11 
granules are indicated. Both the filamentous and non-filamentous neutro-
phile are included in these percentages of neutrophils with "toxic" gran-
ules. The normal average percentage of non-filamentous neutrophile in ham-
sters of mixed sex, eight to ten weeks old, was fow1d to be 7.30 i 1.47. 
The normal average percentage of filamentous neutrophils in hamsters of 
mixed sex, eight to ten weeks old, was found to be 22.23 f 2.49. There 
were no neutrophile with "toxic" granules in the normal hamsters studied. 
The average percentages of non-filamentous neutrophile were ob-
served to increase with tumor age. Likewise, the filamentous neutrophi.ls 
increased with tumor age. The increase in the average percentages of to-
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NON-FIIJUENTOUS AND FILA11ENTOUS NEUTHOPHILS AND TOXIC GRANULES IN 
NEUTROPHILS OF NORMAL AND TUMOR-BEA..R.TIJG HAMSTERS. 
-Days after Total Neutro- Non- filamentous Filamentous Neutrophi1s vvi t h 
Transplant a- Nwnber o.f Nunl:>er of phi1s , Neutrophi1s, Neut rophi1s , To.id.c Granules, 
tion Punctures Animals :ee:r cent 2~r cent ~r cent ~r cent 
0 2 10 29. 53 7.30 22.23 0 
-
-
. 
5 3 10 36.50 7.00 29.50 0 
10 4 10 38.20 7.90 30.30 0 
-
15 5 10 41.40 9.10 32.30 0 
20 6 10 53 .88 n.6o 42.28 0 
·--·-
25 7 10 64.85 12.10 52.75 0 
30 8 10 71.95 14.30 57.05 0.60 
-
35 9 10 71.25 . 21.40 48 •. 45 1.40 
--
1.,.0 10 10 77.08 19.30 56 .• 38 1. 40 
--
-
45 11 10 78.38 ])+.70 58.78 4.90 
50 12 10 74.33 11.40 56.33 6.60 
Table 4 
~ 
tal neutrophils with tumor age, as no ted in Table 4, is the result of the· 
increases in the average percentages of the filanentous and non-filamentous 
neutrophils grouped together. 
The non-filamentous neutrophils increase gradually with the tu-
mor-growth process and attain a maximum value of 21.40 i 6.57 by the thirty-
fifth day after tumor transplantation. The non-filamentous neutrophils 
then decline to a value of ll.40 :1: 3.30 by the .fiftieth day post-transplan-
tation. However, both of these values are significantly larger than the 
normal average (P equals 0.05). 
Statistically, the increase in the average percentage of. non-
filamentous neutrophile by the twenty-fifth day after tUmor transplantation 
is significantly different from the normal average (P) 0.01). The increase 
in the average percentages of non-filamentous neutrophils at each day re-
ported during the last twenty-five days of tumor growth is significantly 
greater than the normal average (P never greater than 0.05). 
Neutrophils with 11toxi.c" granules first appeared in the hamsters 
after 30 days of tumor growth and continued to increase as the nwnber of 
young neutrophils continued to decline. At this time, fifty percent of the 
animals had neutrophils with "toxic" granules in their cytoplasm. By the 
thirty-fifth day of tumor growth, ninety percent Gf the animals had neu-
trophils with "toxic" granules (Fig. 12). After forty-five days of tumor 
growth, one hundred percent of the animals had neutrophils with "toxic" 
granules in their cytoplasm. The average percentages of neutrophils with 
toxic granules increased from 0.60 to 6.60 percent over the last twenty 
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~ig . 12.. 
fig . 13. 
11Toxic 11 granule in t he cytoplasm of a neutrophil in the peri-
pheral blood of a hamster bearing a forty-five. day methyl-
cholanthrene-induced hamster sarcoma in its cheek ~)ouch . 
Orig . mag . x970 . 
Three vacuoles in the cytopl asm of a neutrophil in the peri-
pheral blood of a hamster bear ing a forty- day mcthylcholan-
threne-induced hamster sarcoma i n its cheek pouch . Orig. mag. 
x9?0. 
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days of tumor growth. Chart 4 is a graphical representation of the data in 
Table 4. 
Neutrophils l'li th vacuoles in their cytoplasm were observed in sone 
hamsters after thirty-five days of tumor growth (Fig. 13). The frequency of 
occurrence of this degenerative ~~ange increased considerably in the later 
stages of tumor growth. 
Total White Blood Cell Counts 
The normal average total white blood cell count established for 
twenty-three hamsters of mixed sex, eight to ten weeks old, as stated in 
Table 5 was 5,154 I 1600 per cubic millimeter of blood. There was a pro-
gressive increase in the average total white blood cell counts as the tu-
mor process progressed. The average total white blood cell counts had no 
statistically significant deviation from the nor.mal average during the 
first ten days of tumor growth. However, from the fifteenth to the fif-
tieth day after tumor transplantation, the average values reported for to-
tal white blood cell counts were significantly greater than the normal 
value (P equals 0.05). The average total white blood cell count reached 
a ~ at the thirty-fifth day post-transplantation and then proceeded 
to decline. However, at the termination of the experiment at the fiftieth 
day after tumor transplantation, the average total white blood cell count 
was still significantly greater than the normal pre-transplantation ave-
rage. 
Chart 5, which is a graphic representation of Table 5, indi-
cates the gradual rise in the average total white blood cell counts during 
the first thirty-five days after transplantation and the decline there-
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GRAPH ff AVERAGE WBC C{)UNTJ 
IN NORI1AL AND TUI'/{}R-BEA!f!NG fiA!1STERS. 
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TOTAL WBC COUNTS IN NORMAL AND 
TUMOR-BEARING HAMSTERS • 
No . of Average 
Cardiae: No . of vmc per Standard 
Punctures Animals cu. mm. Deviation 
2 23 5154.3 ± 1600.0 
3 20 7102.5 ± 2270.0 
4 2) 6852.5 ± 1480.0 
5 19 10,342.0 ± 2900.0 
6 20 19,067.5 ± 7820.0 
7 20 28,167.5 ± 9000.0 
8 20 35,837.5 ± 16,400.0 
9 20 46,402.5 ± 15,000.0 
10 16 41,178.1 :t. 18,600.0 
ll 14 36,232.1 :± 17,500.0 
12 10 28,340.0 ± 9250.0 
Table 5 
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Variance 
256 X 104 
516 X 1rl+ 
220 X 1C1i-
839 X 1o4 
6120 X 1'(]4-
8,096 X 1Cfi. 
26,936 X 1rfi 
22,577 X 104 
34,530 X 104 
30,638 X 1cfi 
8_,556 X 1d+ 
after. 
Observed tissue reaction phenomena did not seem to be associated 
with high or low average total white blood cell counts obtained prior to 
I 
tumor transplantation. The edema before tumor ulceration was always aaso-
ciated with a low total white blood cell count (approximately one standard 
deviation below the average normal value) prior to tumor transplantation. 
These low total White blood cell counts were found even at fifteen and 
twenty days after tumor transplantation in all hamsters which bore non-
ulcerated, edematous tumors. All of the hamsters in this experimental 
group showed significant increases in their total white blood cell counts 
after ulceration. 
The average total white blood cell counts declined at the time 
when the immature neutrophils began to decrease and the neutrophile with 
"toxic 11 granules in their cytoplasm began to increase. 
Sedimentation Rate 
Examination of Table 6 reveals that the average normal sedimen-
tation rate in twenty-three hamsters of mixed sex, eight to ten weeks old, 
was 1.55 :t 0.53 millimeters per hour. After fifty days of twmr growth, 
the average sedimentation rate had risen to 4.72 ~ 2.69 millimeters per 
hour. Temperatures varied from 69°C. to 89°C. during the course of the 
experiment. 
From the thirtieth to the fiftieth day after tumor transplanta-
tion, the increase in the average sedimentation rates was significantly 
greater than the normal value (P equals 0.05). The temperature fluctua-
tiona during the last twenty days of tulliOr growth were considerable. How-
80 
ever, the deviations in the temperatures associated with the period of 
significant increase in the average a edimentation rates were as marked as 
the deviations in temperatures associated with the first thirty days of 
tumor growth. 
The data in Table 6 indicate that the average sedimentation 
rate increased to an average of 2.45 :1: 2.24 millimeters per hour by the 
twenty-fifth day after tumor transplantation. This average is not statis-
tically significant, since the variance is too large. There were wide 
fluctuations about this average, and sixty-three percent of the animals had 
nor.mal average sedimentation rates. Even after fifty days of tumor growth, 
thirty percent of the hamsters studied had nor.mal sedimentation rates. 
Chart 6 is a graphic representation of Table 6. The rise in the 
average sedimentation rate after thirty-five days of tumor growth is clear-
ly seen. The sedimentation rate is observed to increase at the time When 
the differential white blood cell picture (Tables 2, 3, 4 and Charts 2, 3, 
4) reflects a severely infected animal and the hematocrit values (Table 8 
and Chart 8) show a decline. 
The sedimentation rates obtained prior to tumor transplantation, 
regardless of their values, could not be associated with the observed tis-
sue reaction period of the tumor growth process. Edema could not be cor-
related with the sedimentation rate at any time during the course of this 
work. Furthermore, there was no marked increase in the average sedimenta-
tion rate immediately after ulceration. 
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SEDIMENTATION RATES IN noRMAL AND TUIVJOR-BJ!!.li.RING HAMSTERS. 
-Average 
No. of Sed. Rate, Standard 
Arlima1s Il)lll. per hr. Deviation V.ariance 
23 1.55 i: .53 0.33 
19 1.43 ± . 48 0.23 
20 1.35 
* 
.42 0.172 
20 1.34 ± .43 0.192 
-
20 1.73 :t .92 0.851 
19 2.45 ± 2.24 5.026 
20 2.15 ± l .ll 1.231+ 
_,_., 
20 2.33 ± 1.20 1.44 
18 4.30 .± 3.04 9.03 
10 5.06 :1: 1.73 3.00 
-
10 4.72 ± 2.69 7.26 
Tabl-e 6 
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Platelets 
Table 7 summarizes the data for the average platelet counts in 
normal and tumor-bearing hamsters. The average normal platelet count for 
hamsters of mixed sex, eight to ten weeks old, was found to be 285,60o ~ 
82,410 per cubic millimeter of blood. After fifty days of tumor growth , 
the average platelet count was found to be 2451466 I 71,150 per cubic mil-
limeter of blood. 
No statistically significant difference could be demonstrated 
between the average platelet counts obtained before tumor transplantation 
and the average platelet counts obtained for any phase of the tumoJ.-growth 
proces~. 
Chart 7, which is based upon the data of Table 7, reflects the 
fluctuations in the average platelet counts as the tumor grows. However, 
the fluctuations are within one standard deviation of the normal average. 
Therefore, the apparent changes in the average platelet counts have no 
statistical significance, and the average platelet counts remain within the 
established normal range during all phases of tumor growth. 
Pre-transplantation platelet values could not be correlated with 
the observed tissue reaction after tumor transplantation. Moreover, the 
presence of edema and ulceration could not be correlated with any definite 
change in the platelet counts. 
Hematocrit 
Table 8 is a tabulation of the hematocrit values for nonnal and 
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PLATELEI' COUNTS I N NORMAL AND TUMOR-BEARING 
HAMSTERS. 
No . of Average 
Cardiac No. of Platelets Standard 
Punctures Ani.m9.1s per cu. mm. Deviation 
2 20 285,600 ± 82.41 X 1o3 
3 aJ 284,350 ± 55.27 X 10' 
4 .20 265 ,250 * 54. J..4 X 1o3 
5 .20 286,650 ± 69. 52 X leY 
6 .20 330,350 ± 59.74 X 1tY 
7 .20 296,800 ± 58.19 X lo3 
8 18 290,111 ± 64.54 X 103 
-
9 18 255,,11]. ±88.96 X 1o3 
10 18 256,000 ± 68.58 X lrY 
11 16 256,063 ± 80.39 X leY 
.. ·-
12 15 245,466 %. 71.15 X 103 
Table 7 
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Variance 
6790 X 106 
3055 X 106 
2931 X 106 
4833 X 106 
3570 X 106 
3387 X 106 
4166 X 106 
7915 X 106 
4703 X 106 
6463 X 106 
5063 X 10 6 
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RBC. VOlUMES 
IN .NORMAL AND TU1't)R-BEARING H.Al!JSTERS • 
Days 
after No. of Average 
Trans plan- Cardiac No. of RBC Volume, Standard · 
t ation Punctures Animcll.s oor cent Deviation Variance 
0 2 26 50.94 :t 3.87 15.03 
5 3 20 53.06 j: 1.45 2.1 
10 4 20 50.94 .± 3.13 9.8 
15 5 20 52.18 ±1.45 2. 1 
ZJ 6 20 46.74 ;t:4.16 17.35 
25 7 20 46.64 ±2.67 7.15 
30 8 18 41.02 ± 2.91 8. 5 
35 9 18 37.69 :t 2.43 5.9 
40 10 18 35.52 ±. 2 . 1+5 6.0 
45 11 16 35.43 ±3. 61 13 . 0 
50 12 15 35.00 .i: 2.64 ·7.0 
Table 8 
tumor-bearing hamsters. The average normal hematocrit value was found to 
be 50.94 f 3.87 percent for twenty-six hamsters of mixed sex, eight to 
ten weeks old. Fifty days after tumor transplantation, the hematocrit 
value was found to be 35.00 f 2.64 percent. 
Further examination of Table 8 reveals that the average hema-
tocrit values decreased as the tumor-growth process continued. From the 
twentieth day to the conclusion of the experiment, after fifty days of 
tumor growth, the average hematocrit percentages reported for each day in-
vestigated were significantly different from the normal (P equals not more 
than 0.05). From approximately the thirty-fifth day to the fiftieth day1 
there is a marked decline in the average red blood cell volumes over the 
normal average volume. The average to tal red blood cell counts, Table 10 
and Chart 10, are observed to decrease at the same time that the average 
red blood cell volumes are decreasing. The grams of hem:>globin per one 
hundred milliliters of blood are also observed to decrease at this time, 
Table 9 and Chart 9. 
Chart 8 is a graphic representation of the data in Table 8. The 
average hematocrit percentages obtained prior to tumor transplantation 
could not be correlated with the period of observed tissue reaction. The 
first significant decrease in the average hematocrit values occurs twenty 
days after tumor transplantation or soon after the ulceration of the cheek 
pouch. The decrease in the average hematocrit values after thirty-five 
days of tumor growth is very sharp. The edema observed in so100 hamsters 
before ulceration could not be correlated with either a high or a low pre-
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transplantation red blood cell volume. 
The average hematocrit percentages were observed to decrease at 
the time When the average sedimentation rates were increasing and when the 
total White blood cell counts and differential White blood Counts were 100st 
altered from the normal. 
Hemoglobin 
Table 9 shows the average normal hemoglobin value in grams per 
one hundred milliliters of blood for twenty hamsters of mixed sex, eight to 
ten weeks old, as well as the changes in the average hemoglobin values as-
sociated with fifty days of tumor growth. The average normal value was 
found to be 16.16 f 0.97 grams per one hundred milliliters of blood. There 
is a decrease in the average grams of hemoglobin per one hundred milli-
liters of blood as the tumor-growth process continues. After fifty days 
of tumor growth, the average hemoglobin value in grams per hundred milli-
liters of blood was found to be 10.51 f 2.97. 
Table 9 further shows that for the first thirty-five days of tu-
mor growth there is very little decrease or increase in the grams of he-
moglobin per one hundred milliliters of blood. The slightly increased 
average reported at the fifteenth to the twentieth day is not significant-
ly greater than the normal average. The apparent decrease at the thirty-
fifth day after tumor transplantation is not statistically significant. 
From the fortieth day post-transplantation to the conclusion of the experi-
ment there is a progressive decline in the average hemoglobin values. 
The average values reported between the fortieth and fiftieth day are sig-
nificantly lower than the established normai value (P)O.Ol). 
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HEMOGlOBIN IN .NORMAL AND TUMOR-BEARING 
HAMSTERS. 
Average 
No. of Hemoglobin, 
Cardiac No . of gms. per 100 St.andard 
Punctures Animals ml. Deviation 
2 20 16.16 ± .97 
3 2) 16.15 ± .93 
4 20 16.26 ± .93 
5 20 16.56 ± . 24 
6 20 16.38 :1:. • 77 
7 2) 16.01 ±1.16 
8 18 16. 26. ±1.45 
9 18 15.47 .±1.63 
10 18 14.16 . ±1.22 
11 16 13.27 :i 1.91 
12 15 10.51 :i: 2. 97 
Table 9 
Va!?.ance 
0.95 
0.87 
0.88 
0.06 
0.60 
1 .. 35 
2.12 
2.65 
1.48 
3.98 
8.69 
Chart 9, which is a graph based upon the data of Table 9, re-
veals several interesting points. The average hemoglobin values are ap-
proximately equal to the nonnal average for the first thirty-five days of 
tumor growth. A slight elevation in the average hemglobin values at the 
time of ulceration can be noted. The average total red blood cell counts 
are also observed to increase at this time (Table 10 and Chart 10). The 
marked decrease in the average hemoglobin values after forty days or tumor 
growth is clearly seen. 
The pre-transplantation hemoglobin values could not be related 
to observed tissue reaction processes. Edema before ulceration seemed to 
be associated with a low (below the average by at least one standard devia-
tion) pre-transplantation hemoglobin value. The average hemoglobin valne 
remained within the normal range for approximately twenty days after ul.-
ceration of the cheek pouch. 
Total Red Blood Cell Counts 
Table 10 represents the average total red blood cell counts e~ 
pressed in cubic millimeters of blood for both normal hamsters and those 
bearing methylcholanthrene-induced sarcomas. The average normal total red 
blood cell count in cubic millimeters of blood for twenty hamsters of mixed 
sex, eight to ten weeks old, was found to be 6,893,000 :1: 776,000. The ave:r-
age total red blood cell values rise slightly fifteen to twenty days after 
tumor transplantation. After this time, the average total red blood cell 
values proceed to decrease. 
Statistically, no significance can be attached to the increases 
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TOTAL RBC COUNTS IN NORMAL AN TlJMOR-BEARING HA1!.tSTERS. 
Da s 
after No. of Average 
Transp1an- Car diac No. of RBC per Standard 
tation Punctures Animals cu. mm. Deviation Variance 
0 .2 .20 6,893 ,000 
* 
776,000 603 X 109 
5 3 .20 7,076,000 * 394,000 155 X 109 
10 4 .20 7,778,000 i: 364.,000 13.2. 5 X 109 
15 5 .20 8,067,000 -t 571,800 3.27 X 109 
.20 6 .20 8,155,000 t 704,300 496 X 10Cj 
.25 7 .20 7,373,000 ± 796,000 633 .5 X 109 
30 8 18 6,906,000 .:t. 616,000 . 379. 4 X 109 
~--
191.1 X 109 35 9 18 6,366,000 :i: 437,000 
40 10 18 5, 719,000 ±1,164,000 1355.6 X 109 
45 11 16 4,934,000 ± 618,000 38.2.5 X 109 
50 1.2 15 4,826,000 -t 877,000 770 X 109 
Tab1e 'l0 
or decreases in the average total red blood cell counts for the first 
thirty-five days after tti.mor transplantation when compared with the nonnal 
average. However, the averages reported from the fortieth to the fiftieth 
day after tumor transplantation are significant (P equals 0.05). 
Chart 10 is a graph based upon the data of Table 10. A slight 
rise in the average total red blood cell counts can be seen at the time of 
ulceration of the cheek pouch. The progressive decline in the average 
total red blood cell counts after thirty-five days of tumor growth can also 
be observed. 
No correlations could be made between the total red blood cell 
levels before tumor transplantation and the observed tissue reaction. 
Edema before ulceration of the cheek pouch was not associated with either 
a high or a low pre-transplantation total red blood cell count. The aver-
age total red blood cell counts and the average hemoglobin values rise and 
fall at approximately the same time. 
Table 11 is a tabulation of the average red blood cell indices 
in the normal and tumo~bear.ing hamsters used for the study of total red 
blood cell counts, hemoglobin and red blood cell volumes. The average nor-
mal mean corpuscular hemoglobin (J;K;H) was found to be 23.49 ± 2.23 micromi-
crograms fer twenty hamsters of mixed sex, eight to ten weeks old. In these 
same hamsters, the average normal mean corpuscular volume was found to be 
72.95 t 4.57 cubic microns. The average normal mean corpuscular hemoglo-
bin concentration in these hamsters was found to be 31.98 t 2.23 percent. 
The three red blood cell indices showed fluctuations during the 
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RED BLOOD CELL ItJDICES I H NOPJfAL AIW TUL:OR-BEArt.n~G HPJ.:STERS 
Mean Cor:r:uscular Mean Corpuscular Mean Corpuscul ar 
No. of Hemoglobin, Volume , Hemoglobin Concentration, 
Cardiac No . of micromicrograms cubic microns per cent 
Punctures Animals Aver age Standard Average Standard Average Standard 
Deviat ion Deviation Deviation 
2 20 23 .49 ± 2. 23 72.95 ± 4. 57 31. 98 :t 2. 23 
3 20 22 . 79 ± 1 .98 75.05 ± 3.19 30 .38 ± 2. 64 
4 20 20 . 96 ± 1. 69 65 . 70 ± 1.00 31.93 ± 1.26 
5 20 20.54 :t 1 . 27 64. 85 :t. 3. 59 31e68 ± 2. 55 
6 20 20 . 20 ± 1.19 57 . 75 ± 3.58 35.21 ± 2. 05 
7 20 21.80 .:t 3.06 63 .80 ± 3. 93 34 . 33 ± 1. 64 
8 18 23 . 55 :t 2.01 59 . 72 * 2.74 39.58 :t L~ . 94 
9 18 24. 23 :t 2. 42 59 .33 ± 3.10 40 .91 ± 3.14 
10 18 25 .08 ± 3.34 63 . 50 ± 7.17 39 .83 .:1:3. 73 
11 16 26.86 ± 3. 36 72. 25 ::t. 5. 66 37.29 :t:4. 67 
12 15 21. 47 ± 3. 73 74.00 ± 7. 47 29$63 ± 6. 1;.6 
----- - -~ 
Table 11 
'-() 
..;.) 
tumo:t'-growth process. The average mean corpuscular hemoglobin varied from 
a low average of 20.20 f 1.19 twenty days after tumor transplantation to a 
high average of 26.86 f 3 • .36 forty-five days post-transplantation. The ave!'-
age mean corpuscular volume (MCV) attained the lowest average value of 57.75 
f .3.85 twenty days after tumor transplantation. Five days post-transplants.-
tion, the average mean corpuscular volume was at its highest average value 
of 75.05 f .3.19. Fifty days after tumor transplantation, the average mean 
corpuscular hemoglobin concentration (MCHC) decreased to its lowest average 
value of 29.6.3 f 6.46. The average mean corpusCQlar hemoglobin concentra-
tion attained its highest average value of 40.91! .3.14 thirty-five d~s 
after tumor transplantation. 
The average mean corpuscular hemoglobin was found to be sig-
nificantly different from the nonnal value on the tenth, fifteenth, twen-
tieth, forty-fifth, and fiftieth days post-transplantation. (P varied from 
0.01 to 0.05). The average mean corpuscular volume was found to be signif-
icantly different from the normal value on all days studied from the tenth 
to the fortieth day after tumor transplantation (P equals 0.05). Likewise, 
the average n:~an corpuscular heLOOglobin concentration was found to be sig-
r~ficantly different from the normal value for all the averages reported 
from the twentieth to the forty-fifth day after tumor transplantation (P 
varied from 0.01 to 0.05) • On all other days reported, the three red blood 
cell indices did not deviate significantly from the normal. 
Charts 11, 12, and 13 are graphs of the three average red blood 
cell indices plotted separately. The fluctuations in these averages asso-
ciated with the tumor-growth process can be seen readily. Chart 11 reveals 
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that the average mean corpuscular hemoglobin value is low before, during, 
and for a short time after ulceratian of the hamster cheek pouch. Chart 12 
similarly shows marked fluctuations during the tumol'ooogrowth process. The 
average mean corpuscular volume tends to remain smaller than the average 
normal value during most of the tumo:r-growth process, from the tenth to the 
fortieth day post-transplantation. Chart 13 depicts the changes in the avEll:'-
age mean corpuscular hemoglobin concentration during the process of tumor 
growth. An increase in the average mean corpuscular hemoglobin concentra-
tion over the normal is noted from the tl~ntieth to the forty-fifth day 
after tumor transplantation. 
Table 12, which is based upon the same animals as Table ll, is a 
tabulation of the various types of anemia observed in the hamsters during 
the process of tumor growth. Individual responses were tabulated. There 
were several types of anemia found in the different hamsters investigated. 
From the tenth to the thirty-fifth day after tumor transplantation, there 
was a tendency for some hamsters to develop a microcytic, normochromic ane-
mia. By the twentieth day after tumor transplantation, twenty-five percent 
of the hamsters had a microcytic normochromic anemia. However, by the 
thirty-fifth day post-transplantation, only eleven percent of the hamsters 
had a microcytic, normochromic anemia and approximately five percent of the 
animals had this type of anemia during the last fifteen days of the experi-
ment. 
Forty days after tumor transplantation, thirty-nine percent of 
the hamsters were anemic. Approximately twenty-nine percent of the ham-
sters had a normocytic, normochromic anemia. Furthermore, five percent of 
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~IFICATION OF Al"'D.d:I A TYPES COR-RELATED ~,~Jl.TH TRANSPLANT AGE iUIJD NUMBER OF CARDIAC PUNCTURES 
Days after No. of Type of Anemia Number of 
Trans plan- Cardiac No. of Non-anemic 
tat ion Punctures Animals 0 0 0 Animals o"'·~ 0\0 ;·~ "'0 o"'"@ ... 0 O·g V·g ti ·g 
•r-1 0 ·r-1 . .-~ e •r-1 ·r-1 0 •r-1 ~~ f.8 ~..c:: f.B ~~ ~8 o-5 o ..c:: 0 0 o..c:: o-8 o..c:: ~~ ~~ og 0 0 0 0 0 0 ~ ""' ~ 0 ~ ~ ~ 0 0 ~ 0~ 00, 0 0 ~0 ~~ ~~ !2-:Z ~ :I: ~<: :2: ~:I: 
0 2 20 - - - - - - 20 
5 3 20 - - - ' - - - 20 
10 4 20 - - - - - - 20 
15 5 20 - - 2 - - - 18 
20 6 20 
- - 5 - - - 15 
25 7 20 - - 3 - - - 17 
30 8 18 - - 1 - - - 17 
35 9 18 - - 1 - - - 17 
40 10 18 5 1 1 - - - 11 
45 11 16 8 2 - - - - 6 
50 12 15 
- 5 1 - - 3 6 
- ---
Table 12 
s 
the hamsters had a microcytic, normochromic anemia and five percent had a 
normocytic, hypochromic anemia. 
Forty-five days post-transplantation, sixty-two percent of the 
hamsters studied were anemic. Fifty percent of the hamsters had a nor-
mocytic, normochromic anemia. Approximately twelve percent had a normo-
cytic, hypochromic anemia. 
Fifty days after tumor transplantation, approximately sixty per 
cent of the hamsters were found to be anemic. Approximately thirty-three 
percent of the hamsters had a normocytic, hypochromic anemia. Twenty per-
cent were found to have a macrocytic, hypochromic anemia. Approximately 
six percent had a microcytic, normochromic anemia. 
The percentage of anemic hamsters increased as the duration of 
tumor growth increased. Early stages of tumor growth were associated with 
a microcytic, normochromic anemia, while the later stages of twnor growth 
seemed to be associated with a hypochromic type of anemia. After fifty 
days of tumor grov~h, forty percent of the hamsters were not anemic. 
B. Control 
Since the experimental data indicated that after continued tumor 
growth there were certain alterations in most of the hematological factors 
studied, control experiments were necessary and were performed. Some of 
these control experiments were designed to rule out causes other than the 
tumor growth process lihich might alter the ten blood cell factors studied. 
Other control experiments were performed specifically for the purpose of 
determining the cause of the anemia that resulted in some of the hamsters 
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- with methylcholantbrene-induced sarcomas. 
Chronic Bleeding 
Table 13 is a tabulation of the average total red blood cell 
counts in non tumor-bearing hamsters. The animals in this control group 
received the same number of .cardiac punctures, at the same intervals of 
time, as the hamsters in the experimental group. The average normal total 
red blood cell count for the twenty hamsters of mixed sex, eight to ten 
weeks old, in this control group was found to be 7,032,000 ± 628,000 per 
cubic millimeter of blood. After twelve heart punctures and fifty days 
after establishing the normal average, the average total red blood cell 
count in cubic millimeters of blood was 7,216,000 i 370,000. 
The values reported in Table 13 show minor fluctuations from the 
established normal average. No statistical significance can be attached to 
these changes in theaverage total red blood cell counts. Chart 14, which 
is a graph baaed upon the data of Table 13, clearly shows that the average 
total red blood cell counts remained within the normal range during the 
course of the experiment and that there were no marked increases or de-
creases in these values. 
Table 14 is a compilation of the average red blood cell volumes 
in the same groop of animals used above. The average normal hematocrit 
value was found to be 50.38 ~ 2.23 percent. After twelve cardiac punctures, 
the hematocrit value was found to be 49.45 ± 3.27 percent. The average he-
matocrit values reported were observed to fluctuate about the normal average 
during the experiment. The lowest average red blood cell volume was ob-
tained after ten cardiac punctures. The average hematocrit value of 48.27 
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·TOTAL RBC COUNTS 
IN NON TUMOR-BEARING HAMSTEHS . 
Days af ter 
l o. of Establish- Aver age 
Cardiac ina Normal No. of RBC per Standard 
Punctures Value Animals cu. ram. Deviation Variance 
= -: t 2 Nor mal 20 7,032,000 628,000 395 X 109 
3 5 20 7,192,000 i: 486,000 236 X 109 
4 10 20 7,709,000 ± 405,000 16 ~ X 109 
5 15 18 7,666,000 i: 404,000 163 X 109 
6 20 18 7,347,000 ± 780,000 &J9 X lOt'} 
7 25 16 7,499,000 :t: 443,000 196 X 109 
8 30 16 7, 659,000 ±1,040,000 1083 X 109 
9 35 14 7,339,000 ± 657,000 432 X 109 
10 40 14 7,082,000 ±: 562,000 315 X 10?} 
ll 45 12 7,364,000 ±. 583,000 340 X 109 
12 50 10 7,216,000 ± 370,000 137 X 109 
Table l3 
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RBC VOWMES TN NON TUMOR- BEARI NG HAMSTERS 
Days after 
No. of Est ablish- Average 
Car diac ing Normal No . of RBC volume, Standard 
Punctures Value Animals per cent Deviation Variance 
1 
2 Norzra1 20 50 .38 * 2. 23 5.0 
3 5 ;;!) 50. 75 t 3. 16 10. 0 
4 10 20 50 . 92 :t 2.45 6.0 
5 15 18 50 . 91 ! 2. 23 5. 0 
6 20 18 51.34 t 3.32 n .o 
7 25 16 50.17 t l.OO 1 .0 
8 30 16 49.18 t 2.00 4 .0 
9 35 14 49. 43 :t 4. 58 21.0 
10 4D 14 48. 27 ! 3. 16 10. 0 
11 45 12 49 .39 t 3.16 10 . 0 
12 50 10 49.45 t 3.27 10 . 7 
Table~ 
± 3.16 percent obtained after ten heart punctures is significantly differ-
ent from the normal average (P)0.05). All of the other average red blood 
cell volumes reported in Table 14 do not deviate significantly from the 1101"-
.mal average. Chart 15., a graphic representation of the data in Table 14., 
illustrates that the average hematocrit values in the non tumor-bearing ham-
sters tended to remain within the mrmal range. No marked increases or de-
creases are apparent. 
The heiOOglobin studies on this same group of hamsters revealed 
that there is no progressive decrease in the average grams of hemoglobin 
per one hundred milliliters of blood with an increased number of cardiac 
punctures. Table 15 shows that the average normal hemoglobin value in 
grams per one hundred milliliters of blood was found to be 16.25 :f: 1.611. 
After twelve cardiac punctures., the average hemoglobin value in grams per 
one hundred .milliliters of blood was found to be 16.21 :1: o.Sl. The fluctua-
tions in the values reported in Table 15 have no statistical significanee. 
Chart 16, a graph of the data in Table 15., clearly illustrates that the aveP-
age hemoglobin values in the non tumor-bearing hamsters were within the nor-
mal range during the experiment . 
Table 16 is a tabulation of the average red blood cell indices 
reported for the non tumor-bearing hamsters used in preparing the data for 
Tables 13, 14 and 15. The average normal .!lean corpuscular hemoglobin in mi-
cromicr~grams was found to be 23.17 f 1.71. In these same hamsters, the 
average normal mean corpuscular volume in cubic microns was found to be 
71.85 ± 3. 74. The average normal mean corpuscular hemoglobin concentration 
in these hamsters was found to be 32.23 i 1.45 percent. 
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HEMOGLOBIN IN NON, TUMOR-BE.furtiNG HAMSTERS. 
Days after Average 
I'Jo. of Establish- Hemoglobin, 
Cardiac i ng Normal No. of gms . per St andard 
Punctures Val ue Animals lOOml. Deviation Variance 
16 . 25 . I 2 Normal 20 i: 1. 64 2. 7 
3 5 20 16.10 t 0. 89· 0 .8 
--
4 10 20 16.17 i' 1. 18 1.39 
5 15 18 16.35 -t 1.38 1. 9 
6 2) 18 16.36 t 1.48 2. 2 
7 25 16 16.36 i: 1.67 2.8 
8 30 16 16.11 t 0 .. 86 0.74 
9 35 J4 16.05 ±1.49 2.23 
10 40 14 16.12 ± 1.04 1.10 
11 45 12 16.16 ± 1.52 2.3 
12 50 10 16.21 t 0.81 0.65 
Table 15 
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No ~ of 
Cardiac 
Punctures 
2 
3 
4 
5 
6 
7 
8 
9 
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11 
P..ED BLOOD CELL INtiCES I N NON TU1:0R- BEA.ltiNG H~~5TERS 
. Mean Corpuscular 
I Hemoglobin, micromicrograms 
Me~~ Corpuscular 
Vol ume, 
cubic microns 
Mean Corpuscular 
Hemoglobin 
Concentration, 
per c-ent 
ays after 
Establ ish-
ing Normal 
Value 
No . of I Avera ge Standard 
Animals Deviation 
Average Standard Average Standard 
Deviation Deviation 
Normal 2) 23 .17 ± 1.71 71.8 ± 3.74 32.23 ± 1.4 
5 20 22.39 ± 2.10 70 ,.70 ± 2.39 I 31.71 ± 1.10 
10 20 20.98 ± 2.09 66. 20 ±1. 27 i 31 .77 ± 2.17 
15 18 21.37 ± 1.83 66.44 ±2. 77 1 32.13 ± 1~93 
20 18 22. 48 ± 2. 57 70 .45 ± 4.85 I 31 .. 94 ± 1.82 
25 16 I 21.87 ± 1 . 82 67. 44 ±3.19 I 32 .61 ± 0.81-t 
30 16 1 21 .09 ± 1. 77 1 64 •. 38 -r3. 39 32 .73 ±1. 68 
35 14 1 21. 90 ± 0 .92 66. 93 ±h.89 32. 64 
---+-~ ----~-----+---------t---
± 2.27 
:t:2. 51 
± 2.66 
40 14 22 .84 ± 1.76 68 .36 ± 4.12 33.39 
45 12 -20~1 ± 3.o[j. 6?.o8 ±5. 5o I 32. 79 
12 5~----- 1~=~--f 22.52 ± 1.07 6s .60 ±1.42 ~2-.-81-~~2 .  
Tabl-e 16 8 
Two of the three red blood cell indices showed marked fluctua-
tions during the period of experimentation. The average mean corpuscular 
hemoglobin varied from a low average of 20.01 ± 3.04 after eleven cardiac 
punctures to an average of 22.52 ~ 1.07 after twelve cardiae punctures. 
The average mean corpuscular volume attained the lowest average value after 
eight heart punctures. The deviations about the normal for the average 
mean corpuscular hemoglobin concentration were very minor. 
The average mean corpuscular hemoglobin was found to be signifi-
cantly different from the nor1na.l value after four, five, seven, eight, nine, 
and eleven cardiac punctures in the non tumo~bearing hamsters (P varied 
from 0.01 to 0.05). The average mean corpuscular volume was found to be 
significantly different from the normal average value after four cardiae 
punctures. Except for the average mean corpuscular volume reported after 
six heart punctures, which is not significantly different from the normal 
average, all of the other average mean corpuscular volume values reported in 
Table 16 after this time were found to be significantly lower than the no~ 
mal average (P equals 0.05). Statistically, the average mean corpuscular 
hemoglobin concentration did not deviate significantly from the normal aver-
age after any given heart puncture reported in Table 16. In all other 
cases reported, the three red blood cell indices did not deviate signifi-
cantly from the normal. 
Charts 17, 18, and 19 are graphs of the average red blood cell 
indices in the non tumo~bearing hamsters. The graphs are based upon the 
data in Table 16. Chart 17 reveals that the average mean corpuscular hemo-
globin value deviates from the normal average several times. Chart lB simi-
larly shows deviations from the normal average at several points. After 
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.four cardiac punctures, the average mean corpuscllla.r volume tended to re-
main smaller than the normal average for almost the remainder of the ex-
perimental period. Chart 19 is a graph of the average mean corpuscular 
hemoglobin concentration in the non tumor-bearing hamsters. There was 
little change in the average mean corpuscular hemoglobin concentration a-
bout the established normal value with repeated heart punctures. 
Only one morphological type of anemia was observed in the non 
tumor-bearing hamsters which received repeated cardiac punctures. A micro-
cytic, normochromic anemia was present in thirty percent of the hamsters 
in this experimental group after .four cardiac punctures. The percentage of 
such anemic hamsters tended to increase and, after eight cardiac punctures, 
fifty-six percent of the hamsters had a microcytic, nor.mochromic anemia. 
However, the percentage of hamsters with this type of anemia tended to de-
crease after this time and finally, after twelve cardiac punctures, none of 
the surviving hamsters were anemic. 
Table 17 is a tabulation of the average platelet counts in cubic 
millimeters of blood in the non tumor-bearing hamsters which were chronical-
ly bled. The normal average platelet count in this group of animals was 
found to be 309,900 ± 62,800 per cubic millimeter of blood. After twelve 
cardiac punctures, the average platelet count per cubic milllm.eter of blood 
was found to be 301,800 i 31,500. Chart 20 is a graph of the data in Table 
17. Fluctuations about the normal average can be seen. However, there is 
no statistical significance to these slight increases or decreases in the 
average platelet values in the non tumor-bearing hamsters which received re-
peated cardiac punctures. 
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PLAT'"'LET COUNTS I N NON TUMOR-BEARING HA!. fSTERS. 
Days after Average 
No. of Est ablish- Platelets 
Cardiac ing Norr.1al No. C>f per cu. Standard 
Pw ct ures Value Animals mm. Deviation Variance 
2 Normal Z) 309,900 ol 62.8 X l o3 3938 X 10f, 
3 5 20 269,400 f 54.4 X leY 2955 X 106 
4 10 20 277,700 t 60.8 X 103 3698 X 106 
5 15 18 313,100 f 74.4 X 103 5534 X 106 
6 20 18 304,700 t 54.2 X 103 2937 X 106 
7 25 16 308,600 t 55 .5 X la3 3083 X lOb 
8 30 16 300, 700 1 41.2 X 10 3 1697 X 106 
9 35 14 290,500 t 31.9 X 103 1018 X 106 
10 40 14 312,500 t 57.3 X leY 3281 X 106 
11 45 12 281,666 t 33.5 X 103 1125 x lOb 
12 50 10 301,800 f 31.5 X leY · 988 X 10 b 
Table 17 
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The sedimentation rates in millimeters per hour remained within 
the normal range for all the averages reported in Table 18. The normal 
average sedimentation rate in the non tumor-bearing, chronically bled h~ 
sters was 1.64 I 0.46 millimeters per hour. After twelve cardiac punctures, 
the sedimentation rate was found to be 1.31 i 0.35 millimeters per hour. 
Chart 21, a graphic representation of the data in Table 18, shows the 
fluctuations of the average sedimentation rates about the normal average 
during the experiment. Statistically, no significant difference could be 
found between the averages reported and the established normal average. 
The temperatures varied between sixty-nine and seventy-nine degree~ Centi-
grade during the course of the experiment. 
Examination of the data in Table 19 reveals that the average 
total white blood cell counts fluctuated about the normal average vd.th re-
peated cardiac punctures. The average normal total white blood cell count 
in the non tumor-bearing hamsters which received repeated cardiac punctures 
was found to be 6,412.5 I 985 per cubic millimeter of blood. After twelve 
cardiac punctures, the average total white blood cell count was found to be 
6,570 i 135 per cubic millimeter of blood. Chart 22 is a graphic picture 
of the data in Table 19. The fluctuations in the average total white blood 
cell counts about the normal value can be seen. There is no significant 
difference between any of the average values reported in Table 19 and the 
normal average. 
Tables 20 and 21 are tabulations of the average differential 
white blood cell values for the non tumor-bearing hamsters wrdch received 
repeated cardiac punctures. The average normal neutrophil value for this 
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SEDIMENTATION- RATES H! NON TUMOR-BEARING HAMSTERS. 
Days after Average 
No. of Establish- Sed. Rate,_ 
Cardiac ing Normal No. of nun. per Standard 
Punct ures alue Animals hr. Deviation Variance 
2 Normal ;;!) 1.64 ~.46 0.22 
3 5 20 1.32 t •36 0.13 
4 10 20 1.53 t .43 0.19 
5 15 18 1.50 t .57 0.33 
6 20 18 1.41 t .35 0.12 
7 25 16 1.49 t .45 0.20 
8 30 16 1.52 t .49 0. 24 
9 35 14 1.31 1: .60 0.36 
10 40 14 1.44 ! .35 0.12 
11 45 12 1.43 ± .41 0.17 
12 50 10 1.31 t .35 0.12 
'rab1e 18 
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TOTAL VilBC COUN1I'S I N JiON TUMOR-BEARING HAMSTERS. 
Days after 
~o . of Establish- Average 
Cardiac ing Normal No. of VffiC per Standard 
Punctures Value Animals cu. mm. Deviation Variance 
~ 
2 Normal 20 6412. 5 ! 9.85 X 102 97.1 x 1d+ i 
3 5 :;;!) . 6557.5 t 9.29 X 102 86.4 X 1d+ 
4 10 2f) 7037. 5 t~l.6 X 102 136. 2 X 1ri+ 
5 15 18 7500. 0 ± 9.83 X 102 96.5 X 104 
6 ')j) 18 7525. 0 .t 6.42 X 102 41. 2 X 1d+ 
7 25 16 7509.3 t 8. 47 X 1o2 71.7 X 104 
~
8 30 16 7703.1 -t 5.79· X 102 33. 5 X 1rf 
'9 35 JA 7932.1 t. 6.1+7 X 10 2 L. 41.9 X lQ . 
10 40 14 7585 .. 7 i: 9.82 X 102 96. 4 X 104 
11 45 12 7341.6 t 5. 99 X 102 4 35.9 X 10 
12 50 JD 6570.0 ±13. 5 X 102 183.2 X 1ri+ 
Tabie 19 
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Ueutrophils Lymphocytes 
Days after 
Ho . of Establish-
Cardiac ing Normal No . of Average, Standard Average , ·standard 
Punctures Value Ani mals Per cent Deviation Var·i ance per cent Deviation ' Variance 
2 Norool 20 30.40 ± 2. 91 8 .48 65 . 94 ± 4 .04 16.30 
--
3 5 20 29 .39 ± 2.84 8.11 67 . 54 ± 3. 61 13 .05 
4 10 20 30. 23 ± 2. 91 8.45 66.18 ± 2.38 5.66 
--- --
5 15 18 28 .11 ± 2. 59 6.72 68 . 56 ± 4. 15 17.22 
6 20 18 29 .12 ± 2. 68 7.19 69 .98 ± [j .• 32 18. 67 
'7 25 16 31 . 16 ± 3.,93 . 15.~6 67 .77 ± 4. 53 20 . 50 
8 30 16 29 .05 ± 3. 53 12.47 69.87 ± 4. 62 21.31 
9 35 14 29.05 :± 3 .43 11 .74 69 . 46 ± 4 .• 22 17. 79 
lC 40 14 27 . 75 ± 3.39 ll . 52 71.28 ± 4.61 21 . 29 
11 45 12 29.21 ± 3.46 11.96 66.4.2 ± 4. 21 17 .75 
12 50 10 27. 69 ± 3 .88 15 .04 68 .37 ·± 4. 68 21. 90 
Table 20 
f-J 
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'MONOCYTES AND EOSINOPHILS I N NON TUMOR-BEARING 1-Uu.STERS 
Monocytes Eosinophils 
Days after 
No. of Establish-
Cardiac: ing Normal No. of Average, Standard Average, Standard 
Punctures Value Animals per cent Deviation Variance per cent Deviation Variance 
2 Normal 20 2.58 10.50 I 0.25 1.14 t 0.15 0.023 
3 5 20 2.10 i" 0.59 0.35 0.98 t 0.16 . 0.025 
4 10 20 2.56 -t 0.36 0.13 1.04 ± 0.13 0.017 
5 15 18 2.31 i 0.54 0.29 0.96 ± 0.02 0.003 
6 d) 18 2.51 i: 0. 51 0.26 1.06 ! 0.01 0.002 
7 25 16 2.67 i 0.52 0.27 1.02 f 0.12 0.016 
8 30 16 2.57 -r 0.52 0.27 1.03 -t 0.12 0.016 
--
9 35 14 2.98 * 0.48 0.23 l.ll ± 0.02 o.oo6 
10 40 14 2.58 -!: 0.48 0.23 0.99 ! 0.14 0.020 
-11 45 12 3.ll !' 0.40 0.16 1.38 ± 0.14 0.011 
12 50 10 2.73 t 0.41 0.17 1.08 t: 0.14 0.020 
-- --- - ·- -
Table 21 
~ 
experimental group was found to be 30.40 I 2. 91 percent. The average nol'-
mal lymphocyte valne for this group of hamsters was found to be 65.94 ± 
4.04 percent. The average normal percentage of monocytes was found to be 
2.58 f 0.50. The normal eosinophil average in this same experimental group 
was found to be 1.14 ± 0.15 percent. These average normal white blood 
cell values in the control animals did not differ significantly from the 
average normal white blood cell values in the experimental group. All of 
these white blood cell types showed variations from their respective nor-
mal averages during the period of investigation. However, none of the 
averages reported in Tables 20 and 21 is significantly different from the 
established nor.mal averages. Charts 23 and 24 are graphic pictures of the 
data reported in Tables 20 and 21. Fluctuations about the normal averages 
are seen, but definite trends are not apparent. 
Benzidine Test 
The benzidine test was performed on the feces of both normal and 
tumor-bearing hamsters. The feces were tested f,or occult blood every five 
days during the tumor-growth process. All of the tests performed on both 
the normal and the tumoi~-bearing hamsters failed to give a positive result. 
There was no evidence of a loss of blood by way of the digestive tract dur- . 
ing the tumor-growth process. 
Approximately twenty-five percent of the hamsters developed a 
diarrhea after thirty-five days of tumor growth. The feces of such ham-
sters, likewise, failed to produce a positive benzidine reaction using the 
method described under "Materials and Methods". 
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Bacterial Investigation 
Employing the bacteriological technique described under 11llate-
rials and Methods", no hemolytic or non-hemolytic bacteria were found in 
the blood of either the non tumor-bearing control hamsters or the tumor-
bearing hamsters. 
The control hamsters developed a microcytic, normochromic anemia. 
However, their blood was devoid of bacteria during the period of bacterio-
logical investigation. The tumor-bearing hamsters developed various types 
of anemia during the period of bacteriological investigation. After ten 
days of tumor growth, a microcytic, normochromic anemia was present. By 
thirty days after tumor transplantation, forty-three percent of the ham-
sters had a microcytic, normochromic anemia. Bacteriological studies made 
at this time failed to demonstrate the presence of either hemolytic or non-
hemolytic bacteria. Thirty-five days after tumor transplantation, approxi-
mately thirty-nine percent of the hamsters were anemic. Thirteen percent 
had a microcytic, normochromic anemia, thirteen percent were found to be 
microcytic hypochromic, and another thirteen percent had a normocytic, 
hypochromic anemia. Bacteria were not found in the blood of any of these 
hamsters. Fourteen percent of the hamsters had a microcytic, hypochromic 
anemia forty days after tumor transplantation. Bacteria were not found in 
the blood at this time. Forty-five days post-transplantation, forty-three 
percent of the hamsters were anemic. Twenty-nine percent of these ham-
sters had a microcytic, normochromic anemia, while fourteen percent had a 
microcytic, hypochromic anemia. By the fiftieth day after tumor transplan-
tation, seventy-one percent of the hamsters were anemic. Twenty-nine per-
131 
cent of the hamsters had a microcytic, hypochrom."i.c anemia, twenty-nine per-
cent had a nor.mocytic, hypochromic anemia, and thirteen percent had a 
macrocytic, hypochromic anemia. Bacteria could not be found in the blood of 
these hamsters during the last ten days of tumor growth. 
Food Consumption and Feces Production 
Table 22 is a tabulation of the average grams of Purina Labora-
tory Chow consumed by normal and tumol"-bearing hamsters, as well as the 
average number of fecal pellets produced in twent y-four hours by these h~ 
sters. The thirty-three normal hamsters of mixed sex, eight to ten weeks 
old, consumed an average of 6.94 % 1.52 grams of Purina laboratory Chow :per 
twenty-four hours. These hamsters produced an average of 72.30 % 13.90 
fecal pellets per twenty-four hours. The average number of grams of food 
consumed and the average number of fecal pellets produced during the tumor-
growth period fluctuated about the normal average. 
Thirty-four days after tumor transplantation, the average number 
of grams of food consumed in twenty-four hours was at a maximum for the e::x;-
perimental period, and at approximately the same time, on the thirty-third 
day post transplantation, the average number of fecal pellets produced in 
twenty-four hours was also at a maximum. After fifty days of tumor growth, 
the average amount of food consumed in twenty-four hours was found to be 
5.00 f 2.77 grams and the average number of fecal pellets produced in 
t wenty-four hours was found to be 61.50 i 24.20. Statistically, there was 
no significance to these decreases in either food consumption or feces pro-
duction. Chart 25 is a graph of the data in Table 22. Deviations from the 
normal averages are seen, but definite trends are not apparent. 
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FOOD CONSUMPTION AND FECES PRODUC'riON I N NORMAL Al'JD Till.tOR-BEARING HAMSTERS 
Fecal Pellets 
Food Consumed, Produced, 
gms. per 24 hrs. no. per 24 hrs. 
Days after 
Trans plan- No. of Standard Standard 
tation Animals Average Deviation Average Deviation 
0 33 6.94 ±1.52 72.30 -:1: 1~-20 
2 15 5.80 ±1.47 61.10 :t 12.70 
5 15 6.24 :t 0.89 61.54 ~ 11.10 
8 13 6.29 ±1.77 57.78 :t 9.49 
10 15 6.80 ±1.97 63.00 .i: 1.4.00 
12 14 6.62 ±1.12 58.36 .:t 10.50 
14 14 7.39 ±1.11 66.57 :14.80 
16 14 7.16 :t 1.07 59.29 ± 14.00 
18 14 6.23 .:t- 0.93 60.93 :t 13.90 
20 14 7.31 .t 1.52 67.64 :t 15.90 
-
22 14 6.70 ~ 1.46 70.07 :!: 1. 92 
-
24 14 7.32 ±1.55 73.70 :t 15.57 
26 12 6.88 ±3.09 69.40 ± 26.50 
28 13 6.94 :t 2.19 75.60 ± 24.80 
31 13 7.49 ±0.70 82.50 ± 23 .50 
33 14 7.58 ±1.09 83 .20 ;t 22.70 
34 14 7.81 *1.73 80 .90 .t 19.89 
36 14 6.77 ±1.60 78.30 ± 23.00 
38 14 5.04 * 2.53 63.50 ± 37.90 
41 10 6.16 .:t 2.53 64.20 .± 41.00 
42 11 4.73 :t: 2.12 68.60 * 19.83 
45 12 .5.28 :t2.23 59.60 -:1:-28.70 
47 11 4.90 .:t 2.39 50.50 ::1:29.70 
50 9 5.00 :±2.77 61.50 * 24 • .20 
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In all cases where animals were observed to consume an amount of 
food equal to at least two standard deviations below the normal average 
over a forty-eight hour period, blood was drawn from the tumol'-bearing ham-
sters in this group and checked for total red blood cell count, and hemoglo-
bin and hematocrit value. Forty-two days after tumor transplantation, ap-
proximately thirty-three percent of the hamsters were consuming an average 
amount of food in tl'tenty-four hours that was at least two standard devia-
tions below the established normal average. Of these hamsters, approximate-
ly seventeen percent had an anemia. Approximatel y nine percent had a 
macrocytic, normochromic anemia and nine percent were found to have a mi-
crocytic, normochromic anemia. 
At the conclusion of the experiment, the three hemtological 
tests noted above were performed on all of the survlving hamsters. Approxi-
mately forty-four percent of the surviving hamsters consumed a no~l a-
mount of food. Twenty-five percent of these hamsters had a microcytic, 
normochromic anemia and seventy-five percent of t he hamsters in this group 
were not anemic. Approximately fifty-five percent of the hamsters con-
sumed less food than t..l-le normal average after fifty days of tumor growth. 
All of the hamsters in this grcup had a form of hypochromic anemia. 
Eighty per cent of the hamsters were found to have a microcytic, hypochro-
mic anemia and twenty percent were observed to have a normocytic, hypo-
chromic anemia. 
Cell-free Necrosis 
The injection of 0.5 cubic centimeter of a cell-free extract of 
necrotic material (one gram of material to thirty cubic centimeters of 
135 
mammalian saline solution) both intraperitoneally and directly into the 
hamster cheek pouch connective tissue failed to produce a significant al-
teration in nine of the hematological factors studied five days after the 
injection. However, the percentage of immature neutrophils was observed 
to be significantly increased above the established normal value. The 
normal values for the ten hematological factors for the six hamsters of 
mixed sex, eight to ten weeks old, used in this study were found to be 
within the previously established normal range. 
c. Histological Investigation 
(1) Extramedullary Hematopoiesis 
Extramedullary hematopoiesis was observed in the spleens of tu-
mor-bearing hamsters with cardiac punctures, in the spleens of tumor-bea.l\-
ing hamsters without cardiac punctures, and in non tumor-bearing hamsters 
with repeated cardiac punctures. Extramedullary hematopoiesis was never 
observed in the livers of non tumor-bearing hamst.ers with repeated heart 
punctures. However, extramedullary hematopoiesis was observed in the 
livers of tumor-bearing hamsters regardless of Whether they received heart 
punctures or not. 
Table 23 is a tabulation of the data on the extramedullary hema-
topoietic studies in the three experimental groups of hamsters. Numbers 
with question marks refer to animals 1vith either questionable extramedul-
lary hematopoiesis or the beginning of extramedullary hematopoiesis. 
Table 23 reveals that in Group 1 the majority of the hamsters had 
extramedullary hematopoiesis in their spleens by the twentieth day after 
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tumor transplantation and after the hamsters had received five cardiac punc-
tures . However, all of these animals had normal 11 vers. From the twenty-
fifth day after tumor transplantation and after six cardiac punctures to 
the conclusion o:r the experiment, after fifty days of tumor growth and 
twelve cardiac punctures, all of the hamsters examined had extramedullary 
hematopoiesis in their spleens • Most of these hamsters had extramedullary 
hematopoiesis in their livers; however, even at the conclusion of the ex-
periment, some hamsters failed to demonstrate extramedullary hematopoiesis 
in their livers. 
It can be seen from Table 23 that in Group 2 all of the hamsters 
examined had extramedullary hematopoiesis in their spleens following the 
fourth cardiac puncture. Extramedullary heraatopoiesis was also found in all 
of the spleens examined after this time, but it was never present in any of 
the livers examined in this group. 
Twenty days after tumor transplantation, some of the hamsters in 
Group 3 had extramedullary hematopoiesis in their spleens. However, none 
of these hamsters had extramedullary hematopoiesis in their livers. From 
thirty days after tumor transplantation to the conclusion of the experi-
ment, after fifty days of tumor growth, all of the spleens examined in 
Group 3 demonstrated extramedullary hematopoiesis, and the majority of 
these hamsters had hemOpoietic activity in their livers. 
Macroscopically, a splenic enlargement was noted in some ham-
sters of Groups 1 and 3 which possessed advanced tumors. The spleens of 
the hamsters in Group 2 did not appear enlarged when viewed grosslY. 
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Microscopically, the spleens with extramedullary hematopoiesis 
generally possessed indistinct red pulp areas . The hematopoietic foci ap-
peared as small groups of deeply staining cells scattered throughout the 
splenic tissue . The nodules of blood- forming tissue were composed of normo-
blasts or their precursors and myel ocytes . Megakaryocytes were never ob-
served. Mitotic figures were present in some of these foci and many on-
filamentous neutrophils were also noted (Figs. 14, 15, 16, and 17) . 
Animals which possessed extramedullary hematopoiesis in their 
livers had areas of deeply staining nuclei generally situated about their 
intralobular veins . In some cases these foci were found in the liver paren-
chyma. Microscopically, the liver-foci of hematopoietic activity resembled 
the foci found i n the spleens (Fig·s . 18, 19, 20, and 21) . 
(2) Bone 1~rrow Studies 
The bone marrow smears of the tumor-bearing hamsters which re-
ceived repeated cardiac punctures showed a variety of responses . The tumor-
bearing hamsters which did not receive cardiac punctures tended to show a 
more uniform bone marrow . response . The non tumor-bearing hamsters which 
were bled repeatedly also tended to show a more uniform bone marrow re-
sponse . 
The tumor-bearing hamsters which were bled chronically generally 
showed two responses after fifty days of tumor growth and eleven cardiac 
punctures . First, some bone marrows appeared to have a normal cellular 
content with a hyperplasia of either the red blood cell series or the white 
blood cell series . Megakaryocyt.es were increased regardless of the type of 
hyperplasia (Fig. 22) . Second, the bone marrows had a hypercellular content 
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Fig. 16. Same as Fig. 15. Gramulocytic, erythrocytic and lymphocytic 
elements can be noted. Orig. mag . x430 . 
Fig . 17. Same as Figs . 15 and 16. Note mitotic figure, neutrophi1s, 
myelocytes and normoblasts. Orig . mag . x:no. 
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and a hyperplasia of the red blood cell series, particularly the norma-
blasts, and also a hyperplasia of the megakaryocytes. Before fifty days 
of tWllDr growth and eleven cardiac punctures, it ,.as difficult to conclude 
anything definite about the bone marrow response, since some hamsters were 
hypercellular and others normocellular at the same number of days after tu-
mor transplantation. Also, some hamsters showed an increase in the red 
blood cell series, while others showed an increase in the white blood cell 
series, and either type of response was noted regardless of the cellularity 
of the marrow. 
Fig. 23 is an example of the normal h~ter bone marrow picture. 
In the bone marrow of the nonnal hamster, there is generally a ratio of a-
bout three or four white blood cells to one red blood cell. Fig. 24 shows 
a typical bone marrow of a tumor-bearing hamster after fifty days of Owmor 
growth. The ratio of white blood cells to red blood cells is altered, 
there being an increase in the red blood cell series. Many mitotic figures 
are also seen in bone marrows of these tumor-bearing hamsters with repeated 
cardiac punctures (Fig. 25). 
The majority of the tumor-bearing hamsters which did not receive 
cardiac punctures tended to show a granulocytic hyperplasia of their bone 
marrow thirty days after tumor transplantation. Generally, this was the 
type of bone marrow response observed in the majority of the hamsters on 
the other days investigated and, even after fifty days of tumor growth, the 
majority of the hamsters demonstrated this type of bone marrow response. 
Occasionally, a few hamsters were observed to have a hyperplasia of their 
red blood cell series. Megakaryocytes were increased in nu.mber in all of 
Fig. 24. Bone marrow of a tumor- bearing hamster after fifty days of 
tumor growth and after tv1elve cardiac pnnctures . There is 
~~ erythroid hyperplasia and a general absence of non- f i l -
amentous neutrophils . Note mitot i c figures . Orig . mag. 
x970 . 
F;Lg . 25 . Bone marrow of a tumor- bearing hamster after thirty- five days 
of tumor growth and nine cardiac punctures o Note the three 
mitotic figures . Orig . mag . x970. 
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a brownish-yellow area in sectioned material when stained with Harris's 
hematoxylin and eosin Y and phloxine b. The areas of hemlysis were 
characterized by areas of hemoglobin hemorrhage, hemosiderosis being pres-
ent (Fig. 27). The hemoglobin products were not found within the red blood 
cells. These hemoglobin products were not always found within blood vesse~ 
but were also observed in areas close to blood vessels. 
The onset of central necrosis is probabJ.s' related to tumor size. 
Transplants which grew more rapidly possessed central necrosis at an earlY 
date V.'hereas those transplants which grew more slowly did not possess cen-
tral necrosis until a later date. Central necrosis is, therefore, probably 
related to the tumor growth rate rather than to the duration of growth. 
DISCUSSION 
In discussing the formed elements of the hamster's blood in re-
lationship to the gro\Vth of the methylcholanthrene-induced sarcoma. of the 
hamster in its cheek pouch, it is essential to keep clearly in mind the 
state of the tumor. During the process of tumor growth, central necrosis, 
ulceration of the cheek pouch, and observed necrosis take place. All of 
these phenomena produce changes in the tumor and also alter the blood pic-
ture of tumor-bearing animals. 
This particular study has necessitated the use of the cardiac 
puncture or the tail puncture to perfo~ the hematological investigations. 
In general, the quantity of blood removed had little effect upon the hema-
tological picture; however, in certain instances there was an alteration in 
the hamster's blood forlilll.a as a result of the removal of small quantities 
of blood. 
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The changes in the blood picture reported for animals with ad-
vanced twnors cannot always be attributed to the tumor per .§!, for the tu-
mor-growth process in advanced tumors is complicated by the presence of 
necrosis plus the possible cumulative effects of chronic blood loss. Fur-
thern~re, variations in the results may be attributed to genetic varia-
tions in the hamsters employed in the investigation, as well as to in-
herent differences in the tumors used, for the tumors, of necessity, suf-
fered by their exposure to genetically different environments. 
Nevertheless, despite a constantly changing tumor-growth pro-
cess, which at times is marked by necrosis, and notwithstanding the factors 
introduced by chronic bleeding and heterozygosity, the results obtained 
show definite indications of effects produced upon the formed elements of 
the hamster's blood as a result of the tumor-grov~h process. With reserva-
tions, certain changes can be attributed to the transplanted sarcoma ~ 
• 
The experimental and control results obtained will be discussed 
in the following order: (1) differential white blood cells, (2) total 
white blood cells, (3) sedimentation rats, (4) platelets, (5) hemoglobin, 
total red blood cells, red blood cell volumes and red blood cell indices, 
and (6) extramedullary hematopoiesis. 
The average neut1•ophil values of 29.53 :1: 8.01 (experimental 
group) and 30.40 ± 2.91 percent (control group), the average lymphocyte 
values of 66.93 ' t 7.61 and 65.94 f 4.04 percent, the .average monocyte val-
ues of 2.75 t 1.03 and 2.58 t 0.50 percent, and the average eosinophil 
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values of 1.18. :1: 0.33 and 1.14 f 0.15 percent reported in this thesis for 
normal hamsters of mixed sex, eight to ten weeks old, agrees quite well 
with the normal values reported by other investigators. Stewart, Florio, 
and Mugrage (1944) reported that the average neutrophil value was 33.0 i 
ll.O percent, the average J..vmphocyte value was 64.5 :1: 10.9 percent, the 
average monocyte value was 1.6 percent, and the average eosinophil value 
was 0.85 percent for normal hamsters of mixed sex, two to four rwnths old. 
Rose, Hannah, and Chen (1945) reported that the average neutro-
phil percentage was 28.4 f 0.7, the average lymphocyte percentage was 68.6 
i 0.98, the average monocyte percentage was 2.0 f 0.37, and the average eo-
sinophil percentage was 1.0 :1: 0.33 for normal hamsters of mixed sex, two 
to five months old. Gardner (1947) reported normal values which did not 
deviate markedly from those reported in this thesis. Crabb and Kelsall 
(1951) reported a normal average lymphocyte percentage of 69 in hamsters 
of approximately the same age as those reported by the other investigators 
noted above. 
In hamsters bearing methylcholanthrene-induced Cheek pouch tu-
mors, the average percentage of neutrophile was observed to increase and 
the average percentage of lymphocytes \~S observed to decrease with the 
tumor-growth process. Statistically speaking there was a significant in-
crease in the neutrophil percentages and a significant decrease in the lym-
phocyte percentages by the tenth day post transplantation which it should 
be noted, was before the average day of ulceration. 
After ulceration of the cheek pouch and the introduction of ob-
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served necrosis and the danger of possible bacterial. infection, there was 
a marked increase in the neutrophils and a marked decrease in the lympho-
cytes. The rate of increase in the neutrophile and the rate of decrease 
in the lymphocytes were definitely more pronounced after tUmor ulceration. 
A definite neutropP!lia appeared only after the ulceration o£ the cheek 
pouch, since there was a reversal of the normal average neutrophil percen-
tages to the normal average lymphocyte percentages. 
A small percentage of the hamsters had a delayed ulceration date, 
for their tumors ulcerated at the fortieth day post-transplantation. These 
animals showed a progressive increase in their neutrophil percentages be-
tore ulceration, and a progressive decrease in their lymphocyte percentages; 
they demonstrated a neutrophilia by the twenty-fifth day after tumor trans-
plantation. 
The initial rise in the neutrophils during the first ten days of 
tumor growth and the corresponding decrease in the lymphocytes in both the 
animals with the usual ulceration date and the animals with the delayed ul-
ceration date were either due to the tumor per ~ or to the presence of 
central necrosis. Since central necrosis was found to be related to tumor 
size, the larger ten-day tumors may have had small, central areas of necro-
sis. This necrotic material could result in a stimulation of the bone mar-
row dth the resulting increase in the neutrophils. Sturgis (1948) stated 
that the neutrophils increase in response to necrotic material. Hol'lever, 
it is doubtful whether this is adequate to explain the neutrophilic in-
crease associated with the small ten-day tumors. The methylcholanthrene-
induced hamster sarcoma may have a direct effect upon hemopoietic centers 
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to increase the neutrophile even in the absence of necrotic foci. The pos-
sible production of an agent by the methylcholanthrene tumor per ~ can not 
be excluded. After ulceration of the cheek pouch, the increase in the neu-
trophile is most likely related to the absorption of necrotic and bacterial 
products. 
Other observers have noted an increase in the number of neutro-
phile and a decrease in the number of lymphocytes in other animals and with 
other tumors. The explanation for this phenomenon in the absence of ulcera-
tion has been a subject of discussion for many years. Baeslack (1914) and 
Gruner (1916), studying cancer in mice and men, respectively, reported that 
they had observed an increase in the neutrophils. Murphy and llorton (1915) 
found that, in mice with a mammary carcinoma, there was a decrease in the 
lymphocytes and a tendency for the neutrophile to increase slightly. Eisen 
(1928), in his analysis of three hundred and fifty-three cases of hwnan 
malignancy, reported that, in his opinion, uncomplicated cases of cancer 
were not accompanied by an increase in polymorphonuclear leukocytes. He 
considered ulceration and metastasis as complicating factors. Morrison 
(1932), in his analysis of one hundred cases of human cancer, stated that 
he observed a neutrophilia in sixty-six percent of his cases. He stated 
that metastasis generally resulted in a leukopenia and the absence o! a 
neutrophilia. 
Parsons (1935) reported a pronounced increase in the neutro-
phils in mice bearing spindle-celled sarcomas induced by sodium 1:2:5:6-
dibenzanthracene-9:10-endo-q~-succinate. She stated that the neutrophilia 
was not due to sepsis from external ulceration, since she observed that, 
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in another strain of mice, IH4, -wrlth 1:2:5:6-dibenzanthracene tumors which 
were ulcerated, there was no increase in the neutrophile. She maintained 
that the increase in the numbers of white blood cells in her mice was due 
to excessive activity of the spleen, liver, and bone marrow. Parsons 
(1936), in her further studies on mice with 1:2:5:6-dibenzanthracene sar-
comas, stated that she observed a rapid drop in the lymphocytes and a cor-
responding rise in the neutrophils associated with tumor growth. Lewis 
(1937), in her studies on dibenzanthracene-induced tumors in mice, also 
found a neutrophilia which she related to the particular tumor studied. 
Mayneord and Parsons (1937), in their studies on carcinogenesis, also re-
ported an increase in the polymorphonuclear leukocytes in their mice before 
the appearance of the tumors. 
Tchakhotine (1938), in his studies on spontaneous and transplanted 
tumors of mice, reported that he found a variation in the ratio of polymor-
phonuclear leukocytes to mononuclear leukocytes, with the nwnber of poly-
morphonuclear leukocytes being larger, only when he noted large spontaneous 
tumors. He stated that the true neutrophilia was not observed until the 
animals were near death, and that at this time the tumors were ulcerated. 
In the case of transplanted tumors he reported a different react~on. He 
found an increase in the polymorphonuclear leukocytes when the tumors were 
small and no ulceration was present. He stated that the increase in the 
polymorphonuclear leukocytes was produced by the protein substances, de-
rived from the tumor, which passed into the blood and stimulated the bone 
marrow of the cancer-bearing animal. 
Blumenthal (1941) stated that the increase in polymorphonuclear 
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leQ~ocytes i n mice with homologous tumor transplants d d not occur un ess 
the tumo~ ha reached a certain critical s i ze ; this point coincided ;v.ith the 
time when the ~~imals were becoming debilitated as a result of the large 
size of t e tumor. He also stated that animals which bor e sm 11 tumors did 
not show significant changes in their blood count s . Blumenthal agreed with 
Tcha hoti.ne (1938) that the incr ease in t he polymor phonuclear leukoc tes 
was a f nction of the s ize of the tumor. 
unnina and Reich (1943), in their studies on seven different r a 
sarcomas grown in rats , report ed that with each ttunor there was a s i gnifi-
cant i ncrease in the percentage of polymorphonuclElar leukocytes ·Jh.ich was 
about equal to the reduction in the percentage of lymphocytes. They made 
two blood tests, the firs t before tumor t ransplantation, and the second af- i 
I 
ter the tumors had attained considerable size but before ulceration had oc-
• I 
curred. Bolen (1944), in his study of human cancer of the gastrointestinal 
t ract, reported that ~1 both t he early and the late stages of malignancy 
there were no si gnificant changes in the neutrophils or lymphocytes , except 
in t hose cases where he noted ulcer ation. 
Perhaps Norris and Majnarich (1948) helped t o clarify the ques-
tion r elating to neutrophilia before ulceration when they stat ed that all 
cancerous blood sera contain both a stL~lating and a~ iru1ibiting substance 
which acts upon the bone marrow, and that the effect observed "Trias due to 
the relative concentrations at any given time in any individual serum. 
Fluctuations of the monocytes and e sinophils about thei normal 
averages were observe in relation to the growth of t he methylcholanthrene-
induced hamster sarcoma gro"l'm in the cheek pouch of .the hamster . However, 
definite trends in any one direction were not observed. The significant 
elevation in the average percentage of monocytes tlurty-five days after tu-
mor transplantation 1-·ms probably related to the maximum value of the total 
white blood cells at this time. The fact that the average percentages of 
both monocytes and eosinophils were significantly decreased during the last 
five da s of tumor growth probably has little actual hematological meaning, 
for these values norw..ally appear in very low percentages e:ompar d to the 
neutrophils and lymphocytes and, since the neutrophils were greatly in-
c eased in number, the actual monocyte and eosinophil values were most 
likely masked. 
Very few investigators have made definite statements regarding 
changes in the monocyte and eosinophil percentages i n relation to tumor 
growth . Pearce and Casey (1929), in their studies on the Brown-Pearce epi-
thelial tumor in rabbits , reported that there was a pr onounced increase in 
the wnber of m.onocytes in those rabbits which dit~d with more or l ess ?ide-
spread distribution of t he t umor . In those animals ;·1hich eventually would 
have died f rom the tumor, the monocytes eventually rose to high levels . 
They also reported that in the recovered animals ~~e fluctuations of the 
m.onocytes before and after inocul ation were of approximately the same mag-
ni~ude, and at no time approache the high level of the eath- and probable-
death group. They further stated that a few r abbits dying from the tumor 
failed to show this rise in the monocyte level. 
Dunning and Reich (1943), in thei r studies on rats bearing sar-
comas, r eported that in those rats with sarcoma I . R.S. 146 there was an in-
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crease of four per cent in the monocytea. 
Mayneord and Parsons (1937), in their study on carcinogenesis in 
mice, reported that eosinophil counts showed a high peak at a variable 
point during the latent period in mice developing sarcomas. They stated 
that this peak did not occur in non-sarcoma-bearing mice. 
Very few investigators have attempted to correlate the percen-
tages of non-filamentous and filamentous neutrophils, and the neutrophile 
with 11 toxic 11 granules in their cytoplasm, with a tumor growth. This type 
of' correlation would probably furnish evidence to indicate whether an in-
crease in the percentage of neutrophils associated with a tumor was .due to 
an infection caused by ulceration, to central necrosis, or to the pres-
ence of "healthy" rumor cells per §.!!.• The presence of a small transplant 
might produce an increase in neutrophile, mostly of the filamentous type. 
As the tumor grows and becomes necrotic in the center, there would still 
be an increase in the neutrophils; however, there would be an increase in 
the number of non-filamentous fonns. Finally, when the tumor attains a 
large size and ulcerates, there would also be a definite increase in the 
total number of neutrophile; however, the number of' non-filamentous neu-
trophils would be markedly increased and 11 toxic 11 granules might be noted. 
Kugel and Rosenthal (1932) stated that the diagnostic irnportance 
of the increase in the non-filamentous polymorphonuclear cells cannot be 
overestimated. An increase in these cells in a series of blood examina-
tions usually was indicative of severe i~ection. They also stated that 
the greater the number of non-filamentous cells above the normal, the more 
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extreme was the degree of infection. They further reported that cytoplas-
mic as well as nuclear changes were noted in granulocytes during infec-
tions. They said that such cytoplasmic changes were evidenced by the 
presence of large, irregular, basophilic alterations of the neutrophilic 
granules. In severe infections, they also stated that neutrophile showed 
the presence of vacuoles, sometimes few in number, and at times occupying 
most of the cytoplasmic area. These vacuoles were reported in cells with-
out the accompanying basophilic or 11 toxic" granules. Kugel and Rosenthal 
stated that 11 toxic 11 granules were seen only in infections and that their 
continued presence indicated a bad prognosis. 
Sutro (1933) stated that the continued presence of 11 to.xic 11 gran-
ules indicated a serious prognosis even in the absence of a positive blood 
culture. Rosenthal and Sutro (1933) introduced their concept of the degen-
erative index, and again they stated that the number of neutrophile with 
11 to:xic 11 granules in their cytoplasm can be used as an aid in prognosis. 
Bethell (1935) stated that the degree of the bone marrow response 
was measured by the total neutrophil count, the effort of the bone marrow 
response was indicated by the percentage of imrua.ture forms, and the sever-
ity of the infection was interpreted by the percentage of neutrophile with 
basophilic granules. Furthermor e, he stated that by correlating the total 
neutrophil count, the percentage of non-filamentous forms, and the percent-
age of neutrophile with basophilic granules in their cytoplasm, obtained 
from successive blood examinations on the same individual, it was possible 
to ascertain the nature of the bone marrow response as well as the progress 
of the infection. He also maintained that the occurrence of basophilic 
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granules in the cytoplasm of the neutrophile was solely a result of infec-
tion. Sturgis (1948) agreed with the report of Bethell (1935). 
In this thesis the average percentage of non-filamentous neutro-
phils reported for normal hamsters of mixed sex, eight to ten weeks old, is 
7.30 f 1.47, and the average percentage of filamentous neutrophils for nor -
mal hamsters of mixed sex, eight to ten weeks old, is 22.23 i 2.49. These 
values agree quite well with similar values reported by Stewart, Florio, 
and Mugrage (1944). They reported that the percentage of non-filamentous 
neutrophile was 10.2 ± 4.1 and that the percentage of filamentous neutro-
phils was 22.9 f 8.0 in normal hamsters of mixed sex, two to four months 
old. 
Associated with the growth of the methylcholanthrene-induced sar-
coma i n the cheek pouch of the hamster, there was an increase in both the 
filamentous and non-filamentous neutrophils. Tl1e increase in the average 
percentage of non-filamentous neutrophils had no statistical significance 
until the twenty-fifth day after tumor transpl~1tation, and this was ap-
proximately eight days after the average day of ulceration. Although the 
increases in the average percentages of non-filamentous neutrophile before 
the day of ulceration lack statistical significance, when they are con-
sidered in relation to the statistically significant increases in the to-
tal neutrophil percentages before tumor ulceration, the increases in these 
immature neutrophils probably indicate a growing activity of the bone marr~1 
and not necessarily an infection. The bone marrow may be under stimulation 
by the methylcholanthrene tumor per !!• by a product from the tumor, or by 
products of central necrosis. The increases in the average percentages of 
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non-filamentous neutrophils after tumor ulceration are probably related to 
bacterial infection and necrotic products at the point of ulceration. 
The inability of the bone marrow to keep pace with the demand for 
non-filamentous neutrophils can be seen from the results reported, for af-
ter thirty-five days of tumor growth the average percentage of non-filamen-
tous neutrophils declined even though the total percentage of neutrophils 
was maintained at approximately the same level. The total white blood cell 
count was also observed to decline at this time. This fact may also indi-
cate that the bone marrow was unable to cope with the large infectious area 
of bacteria and necrosis which had been accumulating ever since the day of 
ulceration. 
Fifty percent of the hamsters investigated had "toxic" granules 
in the cytoplasm of some of their neutrophils thirty days after twoor trans-
plantation. The "toxic" granules appeared at approximately the same time 
that the non-filamentous neutrophils were beginning to decrease. The ham-
sters with methylcholanthrene tumors were unable to resist the mounting in-
fection, for by thirty-five days after tumor transplantation ninety per-
cent of the hamsters had "toxic n granules in the cytoplasm of some of their 
neutrophils, notwit.hstanding the fact that the percentage of non-filamen-
tous neutrophils was at its highest level. The effort of the bone marrow 
response to overpower the infection was wanting. After this time all of 
the hamsters investigated had 11toxi.c 11 granules in some of their neutro-
phils, the total neutrophil count, however, being maintained; nevertheless, 
the bone marrow was making little effort to produce immature forms, and 
the infection, as judged by the increased presence of neutrophils with 11 tox-
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ic" granules in their cytoplasm, was becoming more severe. After thirty-
five days of tumor growth, the presence of vacuoles in the cytoplasm of 
some of the neutrophile was noted. The presence of cytoplasmic vacuoles 
indicated that degenerative processes were taking place and also that a 
severe infection was present. 
Kugel and Rosenthal (1932) reported similar degenerative changes 
in the neutrophile in a case of human carcinoma of the uterus. They stated 
that the cancer was ulcerative, sloughing, and infected. 
Metamyelocytes were observed in ten percent of the hamsters bear-
ing twenty-five day tumors. The frequency of these young cells was noted 
to increase after the thirtieth day of tumor growth. Myelocytes and promy-
elocytes were observed in the peripheral blood of some hamsters with thirty-
five day tumors, and the frequency of the appearance of these cells in-
.creased after this time. Rieder cells were also observed in a few animals 
with thirty-five day tumors. The presence of such young cells or stem 
cells in the peripheral blood is an indication of a pathological condition, 
for normally these cells were found only in the bone marrow and they were 
never observed in the peripheral blood of normal hamsters. The appearance 
of stem cells indicates that the bone marrow was responding to a stimulus 
Which demanded an increased number of neutrophils. The appearance of these 
stem cells at the time when the non-filamentous neutrophile were observed 
to decline indicates that the bone marrows had few more-mature neutrophils 
in reserve and that the marrows were probably combating the infectious pro-
cess with their last line of defense. The bone marrows \vere actually un-
able to keep up ~dth the demand for neutrophile. 
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Parsons (1936), in her studies on mice bearing 1:2:5:6-diben-
zanthracene-induced sarcomas, reported that she observed an increasing n~ 
ber of .myeloblasts and myelocytes accompanying the growth of the sarcomas. 
She failed to relate these changes to ulceration. She also reported the 
presence of Rieder cells, which l'lere binucleated white blood cells, in the 
peripheral blood of her mice bearing advanced sarcomas. 
The growth of the methylcholanthrene hrunster sarcoma in the cheek 
pouch produced marked changes i n t he differential white blood forlllllae. 
The neutrophils, both filamentous and non-filamentous, were increased during 
the early stages of tumor growth, before ulceration. After ulceration, the 
non-filamentous neutrophils were markedly increased. The total neutrophil 
percentages were also increased after ulceration. The total neutrophil per-
centages were maintained at a high level after ulceration; however, the non-
filamentous neutrophil percentages were observed to decline dur ing the late 
stages of tumor growth. eoincidental with this decline, there was a pro-
gressive increase in the percentage of neutrophi.ls with 11 toxic 11 granules in 
their cytoplasm. A severely infected animal was indicated. The lympho-
eyte percentages were observed to decline during the tumor-growth process , 
and the monocyte and eosinophil percentages were probably maintained. 
Certain of the vmite blood cells seemed to be related to the ob-
served tissue reaction phenomena associated with the groVIth of the methyl-
cholanthrene-induced sarcoma in the cheek pouch of the hamster. The ob-
served tissue reaction phenomena cannot always be correlated vdth the lo-
cal reaction that takes place on the cellular level, since increases or de-
creases in the •mite blood cell levels in the peripheral blood are not al-
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ways related to the same increases or decreases around the transplant. The 
systemic and local reactions to a transplant may be separate processes. 
The observed tissue reaction, when present, lasted from one to 
ten days after tumor transplantation and subsided as the neutrophils in ~~e 
peripheral blood were increasing and the lymphocytes in this blood were de-
creasing. The monocyte and eosinophil values in the peripheral blood could 
not be related to the observed tissue reaction. Histological slides of the 
methylcholanthrene sarcoma in the cheek pouch of the hamster revealed that, 
from one to three days after tumor transplantation, the concentration of 
neutrophils increased around the transplants. During the next four days 
the neutrophils appeared in decreasing numbers around the transplant. How-
ever, in the peripheral blood the neutrophile were still increasing and con-
tinued to do so during the greatest part of the tWIDr-growth process. Ex-
amination of histological slides revealed that the concentration of lympho-
cytes around the transplanted tumors was observed to increase after the 
seventh day of tumor growth. The lymphocytes i ncreased in number around 
the transplanted tumors even though their percentages were . decreasing in 
the peripheral blood. The changes i n the white blood cells around the 
methylcholanthrene tumor transplants observed by histological slides are 
essentially the same as those described by McCutcheon (1948) and Menkin 
(1950) in their reports on inflamation, and the changes observed are also 
s~~lar to those reported by DaFano (1910) in his studies on transplanted 
tumors. 
The pre-transplantation blood levels of certain of the white 
blood cells seemed to be related to ~~e observed tissue reaction phenomena 
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which were characterized by a marked hemolysis. Hamsters with a high aver-
age lymphocyte count, greater than one standard deviation above the aver-
age prior to tumor transplantation, had a marked observed tissue reaction. 
On the other hand, high average neutrophil counts, greater than one stan-
dard deviation above the average before tumor transplantation, did not ap-
pear to be related to a severe observed tissue reaction. However, low aver-
age neutrophil or low average lymphocyte percentages at the beginning of 
the experiment did not appear to be associated-with a marked observed tis-
sue reaction. High or low average monocyte or eosinophil values obtained 
prior to tumor transplantation did not seem to be related to observed tis-
sue reaction phenomena. Edema observed after tumor transplantation, but 
before ulceration, was not related to any pre-transplantation white blood 
cell level. 
The correlation between high lymphocyte values before twnor 
transplantation and a marked observed tissue reaction is interesting, since 
lymphocytes are thought to participate in the immune reaction. Rebuck 
(1947) discussed the relationship of lymphocytes to the immune reaction in 
general and reported that lymphocytes decreased as the antibody level in-
creased. 
The association of the lymphocyte vdth transplantation resistance 
has been reported by nwnerous investigators. DaFano (1910) stated that the 
reactions of the host against a tumor transplant '~re due to an immunity 
which developed against the transplanted tumor. He attributed the func-
tion of initiating the immunity to ~~e lymphocytes and monocytes. Murphy 
and his co-workers (1915, 1918, 1919a, and 1919b) presented nru.ch evidence 
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which supported the theory that tumor immunity was related to increased 
lyraphocyte percentages, since an elevation of the lymphocyte count, by 
either X-rays or dry heat, resulted in tumor immunity. Loeb (1926) also 
maintained that the lymphocytic reaction was a part of the immune or de-
fense reaction by the host against a transplanted tumor. Lewis (1937) dis-
agreed with the theory that the lymphocyte was related to tumor immunity. 
She stated that the neutrophilic response was a reflection of the differen-
ces between the host and the tumor. 
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The methylcholanthrene-induced sarcoma used in this study Ylas one 
hundred per cent transplantable. The observed tissue reaction which was no-
ted in relation to the high lymphocyte values before transplantation was 
probably a function of the inherent genetic dissimilarities between the 
host and the tumor. 
, Other investigators have correlated the white blood cell values 
before tumor transplantation with the success or failure of the transplant. 
Casey and Pearce (1931) stated that they had shovfll a relationship between 
the growth of the Brown-Pearce epithelial tumor in rabbits and the blood 
picture before transplantation. Animals most resistant to the neoplasm had, 
before inoculation, high eosinophil counts and low counts of monocytes and 
lymphocytes. The relationship of the neutrophil and basophil counts to the 
success or failure of the transplant were irregular, for normal values also 
appeared to be associated with great resistance. The most susceptible rab-
bits were those which had low eosinophil, high monocyte or high lymphocyte 
count s before inoculation. Casey, Pearce, and Rosahn (1942a), working with 
this same rabbit tumor and rabbits, stated that no relationship could be 
demonstrated betVleen the success or. failure of transplantation and the pre:-
transplantation levels of neutrophils, lymphocytes, monocytes, eosinophils 
or basophils . 
In this thesis , the only white blood cell element which could be 
correlated with a marked observed tissue reaction vas the high pre-trans-
plantation lymphocyte value . 
The injection of 0. 5 cubic centimeter of a cell-free extract of 
necrotic material of a methylcholanthrene-induced sarcoma, both intraperi-
toneally and into the hamster cheek pouch, produced no apparent change in 
the J..ymphocyte, eosinophil or monocyte values on the fifth day after injec-
tion. The total neutrophil values were unaltered; however , there was an in-
crease in the non-filamentous neutrophils five days after the injection. 
The fact that the non-filamentous neutrophils were observed to be increased 
was probably related to a residual reaction, for the initial injection pro-
bably stimulated the bone marrow to great activity, thereby causing a large 
production of these immature neutrophile. Menldn (1950) reported that exu-
date material, when injected into dogs, had the ability to produce a stinru.-
lation of the granulocytic cells in the bone marrow. The injection of this 
leukocytosis-promoting factor, he stated, always resulted in an increased 
production of the non-filamentous neutrophils . 
The injection of larger quantities of necrotic material, or the 
same quantity, or smaller quantities of necrotic material at regular inter-
vals might have produced a markedly altered differential white blood cell 
picture. An examination of the blood prior to the fifth day after injec-
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tion might have revealed a greatly changed differential leukocyte formula 
in the first few days after the injection, or even a few hours after the 
injection. 
During the tumor-growth process, there is a constant absorption 
of small quantities of central necrotic material and, later, observed necro-
tic material. Under the conditions of tumor growth, there is little change 
in the differential leukocyte forznula in respect to the monocytes and eosin-
ophile; the neutrophile and the lymphocyte values are strikingly changed. 
Therefore, the injection of necrotic material might be expected to produce 
an increase in the neutrophile only, both filamentous and non-filamentous, 
and a decrease in the lymphocytes. The monocyte and eosinophil percentages 
might be unaltered. 
The control experiments perfonned to test the effect of chronic 
bleeding on the differential white blood cell picture revealed that there 
were no changes in the differential leukocyte percentages associated with 
chronic bleeding. Therefore, the changes in the differential white blood 
cell formula in the experimental animals were probably related to the tumor-
growth process. Although the differential white blood cell response was un-
altered in the control hamsters which were chronically bled, the factor of 
chronic bleeding was probably of some importance in the hamsters bearing tu-
mors. The bone marrow of tumor-bearing hamsters was subjected not only to 
the stimulus of necrotic material but also to the stimulus of chronic bleed-
ing. Both the necrotic material and the chronic bleeding produced cumula-
tive effects. The bone marrow of the tumor-bearing hamsters was overworked 
to meet the demands for increased white blood cella and red blood cells. 
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This dual stimulation of the bone marrow may probably result in its more 
rapid exhaustion, and may probably be a contributing factor to the inabil-
ity of the bone marrow to produce non-filamentous neutrophils. Therefore, 
the possible effects of chronic bleeding should not be excluded when con-
sidering the changes produced in the differential white blood cell picture 
during this experimental study of the methylcholanthrene-induced hamster 
sarcoma. 
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The effects of chronic bleeding and the absorption of necrotic 
material may also help to explain the lack of uniformity in the bone mar-
row smears of the tumor-bearing hamsters vthich were chronically bled. Some 
of these hamsters possessed bone marrows with hyperplasia of the white 
blood cell series. Other hamsters possessed bone marrows which were hyper-
plastic in the erythroid series. The cellularity of the bone marrows in the 
Chronically bled tumor-bearing hamsters was either normocellular or hyper-
cellular. On the other hand, the bone marrow smears of the chronically' 
bled hamsters which did not possess tumors revealed a hyperplasia of the 
red blood cell series. The bone marrow smears of the tumor-bearing ham-
sters which did not receive cardiac punctures revealed a hyperplasia of the 
white blood cell series. 
The presence of extramedullary hematopoiesis, and its possible ef-
fect upon the differential leukocyte picture, will be considered below. 
The average total white blood cell values, reported in this dis-
sertation for normal hamsters of mixed sex, eight to ten weeks old, are 
5,154 i 1,600 (experimental group) and 6,412% 985 per cubic millimeter of 
blood (control group). These values agree quite well with other normal to-
tal white blood cell averages reported in the literature. Stewart, Florio, 
and Mugrage (1944) reported that the normal total white blood cell value in 
cubic millimeters of blood was 8,020 ! 2070 for hamsters of mixed sex, two 
to four roonths old. Rose, Hannah, and Chen (1945) reported that the normal 
average total white blood cell value in cubic millimeters of blood was 
8,690 ± 180 in hamsters of mixed sex, two to five months old. Crabb and 
Kelsall (1951) reported that the mean leukocyte value for normal hamsters 
of mixed sex, eight to ten weeks old, was 3,91.3 per cubic millimeter of 
blood. They reported a range of 2,700 to 6,050. 
The normal averages reported in this thesis are lower than the 
normal means reported by either Stevmrt et !J: (1944) or Rose n !J: (1945) • 
There is actually little difference between the values reported in this the-
sis and the value reported by Steuart ~ al (1944) in view of the large 
standard deviation reported by them. The no1~l value reported by Rose ~ 
al (1945) is higher than the norn:al values reported in this dissertation; 
however, Rose~ !l based their normalvalue on ten hamsters only. The val-
ues reported by Crabb and Kelsall (1951) agree quite well with those repor-
ted in this thesis. 
The growth of the methylcholanthrene-induced sarcoma in the cheek 
pouch of the hamster was accompanied by an increase in the average total 
lYhite blood cell count. The increase in the average total leukocyte count 
is statistically significant from the fifteenth to the fiftieth day after 
tumor transplantation. The increase in the average total white blood cell 
value was observed before tumor ulceration. After tumor ulceration, the in-
crease was much more pronounced. This increase in the total leukoeyte 
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count before ulceration is probably related to either the tumor Eer !!' 
to a tumor product stimulating the bone rnarrow, or to the presence of cen-
tral necrosis. The presence of central necrosis was shown to be related 
to tumor size and, therefore, the small tumors probably did not possess 
areas of central necrosis. The increase in the total white blood cell lev-
el associated with the growth of the smaller tumors is probably a result of 
either the tumor per !! or a product produced by the methylcholanthrene-in-
duced sarcoma which stimulated the bone marrow, resulting in the increase 
in leukocytes. The marked increase in the total leukocyte count after ul-
ceration is probably a function of the necrotic material present, as well 
as the absorption of bacterial products, both of which are capable of st~ 
ulating the hemopoietic centers. 
The presence of a leukocytosis associated with tumor growth has 
been observed by other investigators in other animals bearing various tu-
mors. Andral (1843) and Vidal (1890) reported a leukocytosis associated 
Ydth hwnan cancer. Iiicke (1867) sim:ilarly reported an increase in the num-
ber of leukocytes in human malignancy. He also stated that an increase in 
the total number or leukocytes indicated that the disease had become gene-
ral and involved the entire body. Hayem and Alexander (1.887) reported that 
they had observed a leukocytosis accompanying the growth of human sarcomas 
and carcinomas. Schneider (1888) cited twelve cases of human malignancy of 
the stomach, in all of which an increase in the total number of leukocytes 
was observed. 
Neubert (1889) was unable to find any cardinal changes in the num-
ber of leukocytes in his cases of huma.n malignancy. Laache (1893) was un-
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able to find any leukocytosis in his studies on five cases of human cancer 
of the stomach. In a series of forty-six cases of malignancy of the stom-
ach cited by Cabot (18971 fifteen showed leukocytosis and thirty-one 
showed none. 
Baeslack (1914) found that in mice bearing tumors there was an 
increase in the total \tdte blood cell count in those mice successfully 
t r ansplanted. If a tumor failed to grow, there was no alteration in the 
total white blood cell count. ~n considering the work by other investiga-
tors noted above and his own studies on leukocytosis, Baeslack concluded 
that an increase in the white blood cells was the rule in carcinoma, but 
that there were many exceptions, and that the leukocytosis was in propor-
tion to the malignancy or to the rapidity and the extent of the growth of 
the tumors. He also stated that factors which governed the degree of leu-
kocytosis seemed to be the position of the tumor, the resistance of the 
individual, the daily variations in the growth of the tumor, as well as 
the liberation of the metabolic products from the tumor which , carried by 
the blood stream, may influence the blood-forming organs. 
Eisen (1928) found that there was an increase in the total white 
blood cell count associated ~th many of his cases of human cancer of the 
stomach . In his opinion, it was doubtful whether uncomplicated cancer had 
the power to increase the number of leukocytes in the blood . He believed 
that the very high white blood cell counts were invariably attributable to 
a complication such as ulceration or metastasis. 
Pearce and Casey (1931) reported that they observed a leukocyto-
sis in rabbits in which the tumor process was of pronounced or well-marked 
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severity. MOrrison (1932) reported that in his cases of human malignancy 
sixty-six per cent were observed to have a leukocytosis. He also reported 
that, in over fifty per cent of the cases of leukopenia associated with ca-
ses of proved. malignancy, there was a metastatic lesion. He suggested the 
possibility that a leukopenia was associated with metastasis. 
Parsons (1935), in her blood studies on mice bearing sarcomas in-
duced by sodium 1:2:5:6-dibenzanthracene-9:10-endo-q#-succinate, reported 
that she observed a leukemic condition in her mice, and that the leukocyto-
sis increased With the growth of the tumor. She stated that the highest 
white blood cell counts were obtained in the last few days before death. 
MOreover, she reported that the increased white blood cell counts were ap-
parently not due to sepsis from external ulceration or central necrosis of 
the tumor. She based this observation on the f act that a leukocytosis was 
not found in another strain of mice, LM4, which bore 1:2:5:6-d.ibenzanthra.-
cene tumors which were ulcerated. Parsons (1936), in her further studies on 
mice with 1:2:5:6-dibenzanthracene tumors, reported that she observed a con-
siderable rise in the total white blood cell count with rapidly growing sar-
comas, but that no such definite rise in the leukocyte count was noted with 
the slower growing tumors. She stated that ulceration present to a mode ate 
degree in the less rapidly growing sarcomas did no t induce a leukocytosis as 
shown by the final blood counts in these mice. This research of Parsons was 
unusual in that she failed to observe a leukocytosis associated with ulcera-
tion. 
Lewis (1937) and Tchakhotine (1938) reported a leukocytosis asso-
ciated with twoor growth in mice. Tchakhotine stated that the intensity of 
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the leukocytosis was a function of the mass of the tumor before ulceration 
and that the leukocytes returned to normal after removal of th~- tumor. He 
maintained that the leukocytosis was produced by the protein substances de-
rived from the tumor , and these subs tances passed into the blood of the tu-
mo~bearing animal. He failed to consider the possibility of central necro-
sis before ulceration. Blumenthal (1941), in his studies on rats and mice 
bearing either carcinomas or sarcomas, reported an increase in the total 
white blood cell cow1t before tumor ulceration·. He agreed with Tchakhotine 
(1938) that the leukocytosis ·was a function of tumor size. Blumenthal also 
stated that, in view of the parallelism between the intensity of the leuko-
cytoses and the degree of anemia in bearers of la rge tumors, he felt justi -
fied in attributing the increase in circulating leukocytes to the same fac-
tors which were responsible for the anemic changes. 
Dunning and Reich (1943), in their studies on rats bearing trans-
planted sarcomas, reported that there was a significant increase in the to-
tal white blood cell counts related to six of the seven rat sarcomas inves-
tigated. The mean total leukocyte count was not increased in rats bearing 
transplants of sarcoma R92. They made two blood tests, the firs t before tu-
mor transplantation, and the second after the tumors had attained consider-
able size, but befor e ulceration occurred. They did not make any tests on 
small transplanted tumors nor did they consider the presence of central ne-
crosis. Bolen (1944), in his studies on human 1::ancer of the gastrointesti-
nal tract, reported that in both the early and late stages of nalignaney 
there were no changes noted in the total white blood cell counts, except in 
those cases where ulceration had taken place. Associated vnth the ulcera-
ted cases, ther e was a leukocytosis. 
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In the present study, the average total white blood cell levels 
were observed to decline after thirty-five days of tumor grovrth. However, 
even at the conclusion of the experiment the mean total leukocyte count 
was still significantly greater than the normal average total white blood 
cell count. This apparent decrease in the total leukocyte count was proba-
bly a reflection of the inability of the bone ma.n•ows to continue to pro-
duce more white blood cells. At the time when the total leukocyte count 
was observed to decline, the differential white blood cell picture reflec-
ted the first signs of a severely infected animal. As the total white 
blood cell count continued to decline, the differential leukocyte picture 
was observed to be that of a more severely infected animal, and the prog-
nosis was unfavorable. 
As stated previously, the experimental hamsters, bearing methyl-
cholanthrene-induced sarcomas, and which were exposed to chronic bleeding, 
showed a varied bone marrow response. The bone marrows of these hamsters 
did not reflect a reduction in the granulocytic series and a hyperplasia of 
the red blood cell series at the tim when the total white blood cell count 
was observed to decline. If actual marrow cow1ts had been made, it might 
have been possible to demonstrate a reduction in the vmite blood cell series 
of the bone marrow at the time when the peripheral blood reflected a de-
creasing number of white blood cells. 
The non tumor-bearing control hamsters which were chrorucally 
bled failed to demonstrate a significant change in their mean total leuko-
cyte counts. However, the factor of chronic bleeding may have introduced 
another complication into the bone marrow pictures of the tumor-bearing ex-
perimental hamsters, and the simple demonstration of a significant decrease 
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in the number of white blood cells may be suspect, for the exact hemato-
logical meaning of the decrease may not be at hand. 
The observed tissue reaction in the hamster cheek pouch after the 
transplantation of the methylcholanthrene tumor into hamsters could not be 
correlated \dth either a high or a low total leukocyte count prior to tumor 
transplantation. Casey and Pearce (1931) and Casey, Pearce , and Rosahn 
(1942a), in their studies on the Brown-Pearce epithelial tumor in rabbits, 
reported that the resistance of the rabbit to the transplantation of their 
tumor was found to be associated with optimal or modal pre-transplantation 
tot al white blood cell levels. When the average level of the total white 
bload cells was not modal, the animals were susceptible to the tumor. 
Casey, Pearce, and Rosahn (1942b) stated that the total leukocyte levels 
prior to transplantation, m1ich were related to the success of the tumor 
transplantation, were apparently unrelated to the course of the tumor in the 
animals successfully transplanted. Casey and his co-w0rkers used a tumor 
which was not one hundred per cent transplantable. Moreover, the correla-
tion of pre-transplantation blood levels with tumor resistance, and the co~ 
relation of pre-transplantation blood levels with the observed tissue reac-
tion may not have the same significance. However, the observed tissue re-
action noted in the hamster cheek pouch after tumor transplantation was 
probably a reflection of the host's resistance to the transplant. 
The edema observed in the hamster cheek pouch around the trans-
planted methylcholantpxene-induced sarcomas was associated with a low total 
white blood cell count before tumor transplantation. The total leukocyte 
count remained lower than in the non-edematous animals even at twenty days 
after tumor transplantation. The total white blood cell counts increased 
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rapidly in the animals with edematous cheek pouches after ulceration of the 
cheek pouch. The association of a low total white blood cell count with 
edema is of interest. This fact may explain the inability of certain previ-
ous investigators to associate an increase in the total leukocyte count with 
tumor growth. Earlier researchers transplanted their tumors to sites which 
did not lend themselves to the actual observation of all stages of the tu-
mo~grov~h process. Therefore, Parsons (1935) stated that slow grovdng tu-
mors were not associated with an elevation in the total white blood cell 
counts; however, she did state that animals bearing large tumors of the 
same type did possess a leukocytosis. Parsons 1 s slovt growing tumors may 
have been surrounded by edema which she could not observe, for her tumors 
in the early stages of growth were not observable. Moreover, the other in-
vestigators noted above, who failed to observe a leukocytosis associated 
with tumor grov;th before ulceration, may also have had their results af-
fected by their inability to observe the early stages of tumor growth. 
The injection intraperitoneally and directly into the cheek pouch 
of cell-free necrotic material of the rnethylcholanthrene-induced sarcoma at 
the dosage noted previously failed to produce a change in the total leuko-
cyte level five days after the injection. The total leukocyte level may 
have been elevated prior to this time. 
mal by the fifth day after injection. 
The level may have returned to no~ 
The total white blood cell count 
might have been altered if the dosage had been altered, or if the interval 
of injection had been changed. Sturgis (1948) stated that necrotic material 
had a stimulating effect on the bone marrow. Menkin (1950) also reported 
that exudates of wounds produced a definite increase in the total white 
blood cell count of dogs several hours after injection. 
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During the tumor-growth process there was a constant absorption 
of srnall quantities of central necrotic material a~d, later, observed ne-
crotic material from the methylcholanthrene-induced sarcomas. Under the 
conditions of tumor growth there was a change in the total white blood cell 
level. Therefore, the injection of the necrotic material might be expected 
to have produced an alteration in the total leukocyte count. The presence 
of extramedullary hematopoiesis and its relationship to the total leukocyte 
level will be considered below. 
The average sedimentation rates reported in this thesis are 1.55 
f 0.53 (experimental group) and 1.64 ± 0.46 mill.imeters per hour (control 
group) for normal hamsters of mixed sex, eight to ten weeks old. These val-
ues cru1not be compared with those reported by other investigators, for 
there are no normal sedimentation values reported for the hamster. 
The room temperatures recorded at the tL"'I.e of taking the sedimen-
tation r ates varied. There seemed to be little relationship between an in-
creased sedimentation rate and an increased room temperature. The tempera-
ture fluctuations were as marked during the period of approxi~ately normal 
sedimentation rate as they were during the period of increased sedim.en tation 
rate. 
Studies on the sedimentation rate in man have revealed that the 
temperature was an important factor influencing the sedimentation rate of 
human enythrocytes. Nichols (1942) stated that increases and decreases in 
the environmental temperature resulted in increases and decreases in the 
sedimentations rate, respectively. Apter, Hull, and Adams (1943), Mendel 
and Korenberg (1944), and Wintrobe (1946) all s t ated that the environmental 
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temperature influenced the sedimentation r ate of hurruan erythrocytes. There 
is a possibility that the fluctuations about the norwal sedimentation rate 
in the tumor-bearing experimental hamsters -and the fluctuations about the 
normal average in the non tumor-bearing control hamsters are a reflection 
of the changes in the environmental temperature~ 
The hamsters bearing methylchoh~threne-induced sarcomas had a 
statistically significant increase in their average sedimentation rates 
thirty days after tumor transplantation, and the average rates were in-
creased for the remainder of the experimental period. However, even after 
fifty days of tumor growth thirty per cent of the hamsters had normal sedi-
mentation rates. The average sedimentation rate was not influenced by ul-
ceration, for the rate was not significantly increased immediately after ul-
ceration. For approximately two weeks after the ulceration of the cheek 
pouch, the average sedimentation rate was within the normal range. Rubin 
(1927) also was unable to relate an increased seduaentation rate to the 
presence of ulceration in his studies on human cancer. 
Bolen (1944) reported that, in both the early and late stages of 
human cancer of the gastrointestinal tract, there was no significant change 
in the sedimentation rate, except where ulceration was noted. He stated 
that these cases generally had an increased sedimentation rate. 
Rubin (1927) disagreed with Gueissaz (1923), who stated that a 
normal sedimentation rate excluded with certainty a malignant neoplasm. 
Bolen (1944) failed to confirm the statement of Gueissaz, for Bolen stated 
that the sedimentation reaction was not reliable in detecting the presence 
of early cancer s. The results obtained on the tum.o1'-bearing hamsters in 
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this dissertation would also indicate that Guissaz 1 a statement was not 
valid. 
Rubin (1927) stated that the rapidity of the erythrocyte sedimen-
tation in cancer patients was, to a great extent , determined by physico-
chemical changes in the plasma, but he also e..mphasized that the increasing 
anemia in cancer patients was an additional factor contributing to the ra-
pidity of the red blood cell sedimentation rate . Rubin and Smith (1927) re-
ported that the lower the hemoglobin concent of the blood the greater vas 
the sedimentation rate of the blood. They also associated decreases in the 
total red blood cell count with increased sedimentation rates . Moreover , 
they also reported that the lower the red blood cell volume the greater was 
the sedimentation rate. • 
Hubbard and Geiger (1927) reported results similar to those of 
Rubi.~ and Smith (1927). They stated that the sedimentation rate increased 
in anemic conditions . They fu rther stated that there was a distinct rela-
tionship between the rate of sedimentation of the red blood cells, on the 
one hand, and their concentration in the blood, on the other hand. Rather 
small variations from the normal blood counts were r eported to produce 
quite marked differences in the sedimentation rate . Since anemia v1as asso-
ciated with mny diseases , they further stated that this should be kept in 
mind when determining a sedimentation rate, for the change reported in the 
sedimentation rate could be due to anemia rather than to infections or 
disease condit.ions per ~· landau (1933) and Wintrobe (1946) also stated 
that the sedimentation rate was influenced by the percentages and volumes 
of the red blood cells . 
Todd and Sanford (1948) stated that there was an increased ten-
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dency to sedimentation of erythrocytes in shed blood in certain pathologi-
cal conditions, particularly infection. They also stated that the rate of 
sedimentation was observed to increase in cases of carcinoma , tb..a t the rate 
closely paralleled the degree of malignancy, and that the rate appeared to 
i ncrease with the leukocyte count . 
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Hamsters l'dth methylcholanthrene-induced cheek pouch transplants 
were observed to have a severe infection and they were also observed to pos-
sess decreased total red blood cell, hemoglobin, and hematocrit values. 
Both the infectious state and the anemic state could be important contribu-
ting factors to the increase in the sedimentation rate reported. 
The sedimentation rate was first observed to increase at about 
the time when the differential white blood cell picture reflected a ~~rked 
infection and at approximately the same time that the total erythrocyte, he-
moglobin, and hematocrit values were declining. Since the increase in the 
sedimentation rate closely parallels the red and White blood cell changes, 
the increased sedimentation rate might be related to either or both of t hese 
factors . The change in the sedimentation rate probably parallels more close-
ly the changes in the red blood cell picture than the changes in the vmite 
blood cell picture. 
The differential white blood cell formula revealed that all of 
the hamsters possessed 11 toxic 11 granules and VIere severely infected after 
fifty days of tumor growth. However, the three red blood cell indices re-
vealed that approximately forty percent of the hamsters were not anemic 
after fifty days of tumor growth . The sedimentation rates of thirty per-
cent of the tumor-bearing hamsters were found to be normal after fifty days 
of tumor growth. Therefo re , the increase in the sedimentation rate more 
closely paralleled the anemic condition of the r ed blood cell picture than 
did the L~fectious state, for if the increased sedimentation rate was r ela-
ted directly to the increase i n the leukocytes and the presence of 11 tor.ic 11 
granules, all of the tumor-bearing hamsters shollld have had an increased 
sedj~entation rate. 
There was no change in the sedimentation rate from the normal in 
the control hamsters which Vlere chronically bled. Therefore, the changes 
obser ved i n the sedimentation rate in the tunmr-bearing hamsters are proba-
bly related to the tlli~r-growth process. 
The injection of cell-free necrotic extract of the methylcho lan-
threne-induced tumor in the concentration noted above produced no change in 
the sedimentation rate five days after the injection. Perhaps a test of the 
blood before this time would have demonstrated that the sedimentation rate 
had been increased. An alteration of the dosage or a change in the i nterval 
of injection may have produced different result.s. However, since the sedi-
mentation rate does not completely parallel the presence of necrotic mate-
rial, there is a possibility that cell-free necrosis has no effect on either 
~1creasing or decreasing the sedimentation rate. 
The values for platelets reported in this dissertation are 285,.,600 
± 82,410 (experimental group) and 309,900 :1: 62,SOO per cubic millimeter of 
blood (control group) for normal hamsters of mixed sex, eight to ten weelre 
old. Platelets are counted with difficulty, and none of the existing rreth-
ods is very accurate. There were wide differences in the normal values re-
ported in the literature and the normal values reported in this dissertation 
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do not agree too well with the normal values reported by others. Wintrobe 
(1946) stated that the normal average platelet value was 1141000 per cubic 
millimeter of blood. The age and sex of his hamsters Vlere not reported. 
Lutz, Fulton, and Akers (195lb) reported that the normal platelet count in 
five hamsters ranged from 420,000 to 460,000 per cubic· millimeter of blood. 
Ottis and Tauber (1952) reported that the normal average platelet count for 
ten male hamsters was 688,000 I 141,000 per cubic millime~r of blood and 
that the normal average platelet count in twelve female hamsters was 
742,000 i 120,000 per cubic millimeter of blood. 
In this study there were no statistical differences observed in 
the platelet values during the tumor-growth process. There was a slight 
elevation in the platelet levels at the time of tumor ulceration. Tocantins 
(1938) reported that there was an increase in the nwnber of platelets in his 
patients during bleeding from a tumor. The elevation observed in the aver-
age platelet values at the time of tumor ulceration in the case of the tu-
mor-bearing hamsters may be of hematological significance even though the 
average does not have statistical significance. 
The literature contains many reports that the platelets were in-
creased during ~or growth, and there are also many reports that the plate-
let counts were decreased or normal. Hayem (1889) and Rosenbaum (1924) re-
ported that the platelets were increased in cases of human carcinoma. Rud 
(1927) reported that in his studies on human cancer of the uterus the plate-
let counts were increased by twenty-five percent. He also stated that the 
highest increases were associated with ulcerated tumors and infection. He 
further stated that when a case was accompanied by anemia there liaS an in-
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cr ease in the platelet counts of fifty percent above the normal. Perl 
(1932) reported that the nwnber of platelets was at the lower limits of 
normal in cases of human carcinoma. .Morrison (1932), in his a.11B.lysis of 
one hundred cases of human cancer, reported that the platelet counts were 
either normal or increased. 
Jarcho (1936) reported that in cases of human carcinoma with pur-
pura there were invariably metastases to the lungs and/ or bone nnrrow. The 
clinical picture depended upon the involvement of these sites. Tocantins 
(1938) reported that, in benign or malignant tumors, changes in the number 
of platelets follow a pattern analogous to that for chronic diseases in gen-
eral. During local development of the growth, there were either no changes 
or an increase. He also reported that in advanced stages of malignant tu-
mors of the female genital organs there was often a thrombopenia. Bolen 
(1944) reported that in his studies on human cancer the platelet counts were 
normal during all stages of tQmor growth and that the platelet coa~ts were 
not altered by ulceration. 
In the hamsters bearing sarcomas in t.heir cheek pouches, although 
these ~~mals were both infected and anemic, there ~as no alteration of sta-
tistical significance in their platelet values. The factor introduced by 
chronic bleeding, although it had no effect upon the platelet values in the 
non tumor-bearing control hamsters, had an effect upon the bone marrow of 
these hamsters. As a result of the chronic bl1~eding, there was a definite 
increase in the number of megakaryocytes in the bone marrow. An increase in 
the number of megakaryocytes was also observed in the bone marrows of those 
hamsters which had tumors and which were chronically bled. The bone mar-
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rows of the hamsters which had tumors and were not chronically bled also had 
a hypertrophy of the megakaryocytes. 
Lutz, Fulton, and Akers (195lb) reported that they observed white 
blood cell thrombi and platelet plugs in the blood vessels of hamsters 
bearing advanced methylcholanthrene-induced sarcomas in their cheek pouches. 
Although the tumor used in the present study was directly related to the tu-
mor used in the study by Lutz, Fulton and Akers, the growth rate of the tu-
mor has · become altered so that exact comparisons between the present results 
and those of the earlier report may be suspect. Even though a decrease in 
the platelet values would be expected, the presence of normal platelet 
counts in animals with advanced tUlliOrs can easily be explained. First, 
there >vas an increased number of megakaryocytes observed in the bone marrows 
of the tumor-bearing hamsters which were chronically bled. This hypertrophy 
of the megakaryocytes could help maintain the platelet counts. Secondly, 
Tocantins (1938) stated that masses of platelets may form around a foreign 
body or around a portion of a vessel with subsequent detachment of the mass 
which floats off into the circulation to break up again into its constituent 
parts. Under these circumstances, he stated, the platelets would behave 
more like the erythrocytes; they would perform a function and not be consumed 
or irreversibly altered while performing this function. Thus, normal plate-
let values can be maintained even though platelets line the blood vessels 
and form plugs in hamsters with advanced methylcholanthrene-induced sarcomas 
in their cheek pouches. Thirdly, extramedullary hematopoiesis may also help 
maintain normal platelet values in these hamsters, as will be explained be-
low. 
The observed tissue reaction and edema. which occurred after trans-
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plantation of the methylcholanthrene-induced sarcoma into the hamster 
cheek pouch could not be correlated with the pla·celet counts before trans-
plantation. Casey, Pearce, and Rosahn (1942a) reported that in their studies 
on the Brown-Pearce rabbit tumor there was no relationship between the suc-. 
cess or failure of transplantation of the tumor and the pre-transplantation 
levels of platelets. Casey, Pearce, and Rosahn (1942b) reported that the 
pre-transplantation levels of the platelets were significantly related to 
the spread of the Brown-Pearce tumor in rabbits successfully transplanted. 
They stated that low platelet values before transplantation were associated 
with fewer metastases and a lower mortality in animals successfully trans-
planted. The studies of Casey, Pearce, and Rosahn emphasized that the host 
factors involved in the successful transplantation of a neoplasm were not 
necessarily those involved in its continued grO'vrth and spread. 
Cell-free necrotic material from a methylcholanthrene-induced sar-
coma, When injected into hamsters in the amount noted above, produced no al-
teration in the platelet levels five days after the injection. The tumor-
bearing hamsters were -exposed to the constant stimulus of absorbed necrotic 
material; however, they failed to show either increases or decreases in 
their platelet levels. Therefore, it seems doubtful whether one injection 
or repeated injections of cell-free necrosis would alter the platelet levels. 
Extramedullary hematopoiesis, and its possible effect on the maintenance of 
platelet counts, will be considered below. 
The average red blood cell volumes reported in this the sis for 
normal hamsters of mixed sex, eight to ten weeks old, are 50.94 ± 3.87 (ex-
perimental group) and 50.38 ± 2.~ percent (control group). These values 
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agree quite well with the values for normal red blood cell volumes reported 
by other investigators. Stewart, Florio, and Mugrage (1944) reported that 
the average red blood cell volume in normal hamsters of mixed sex, two to 
four months old was 46.4 ± 4.0 percent. Stein and Carrier (1945) reported 
that the average red blood cell volume in normal male hamsters, fifty-seven 
to sixty-two days old, was 52.9 per cent. Cruz and Ubatubo (1947) repor t ed 
that the average red blood cell volume for norflk~ male hamsters, weighing 
seventy-six to one hundred and forty-five grams, was 46.0 i 0.78 per cent. 
The normal average hemoglobin values reported in this disserta-
tion are 16.16 i 0.97 (experimental group) and 16.25 i 1.64 grams per one 
hundred milliliters of blood (control group). These values agree quite 
well vdth those reported by other investigators. Stewart, Florio, and Mugrage 
(1944.) reported that the average hemoglobin in normal hamsters of mixed sex, 
two to four months old, was 16.8 ± 1.3 grams per one hundred milliliters of 
blood. Rose, Hannah, and Chen (1945) reported a higher average hemoglobin 
value of 18.6 i 0.54 grarr~ per one hundred milliliters of blood in normal 
hamsters of mixed sex, two to five months old. Stein and Carrier (1945) re-
ported a hemoglobin value Which was intermediate between that of Stewart~ 
!! and Rose ~ ~· They reported that the average hemoglobin was 17.38 grams 
per one hundred milliliters !or normal male hamsters, fifty-seven to sixty-
two days old. Cruz and Ubatubo (1947) reported an extremely low average he-
moglobin. They reported that the average hemoglobin value for normal male 
hamsters, weighing seventy-six to one hundred and forty-five grams was 13.9 
± 0.25 grams per one hundred milliliters of blood. Crabb and Kelsall (1951) 
reported a value Yvhlch agreed quite well with those of most of the other in-
vestigators, for they reported that the average hemoglobin value was 16.8 
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grams per one hundred milliliters of blood for normal hamsters of mixed sex, 
eight to ten weeks old. 
The normal average total red blood cell values reported in this 
thesis agree quite well with the values reported by other investigators. 
The average values reported in this ~~esis are 6,893,000 ± 776,000 (experi-
mental group) and 7,032,000 ± 628,000 per cubic millimeter of blood (control 
group) for normal hamsters of mixed sex, eight to ten weeks old. Stewart 
Florio, and Mugrage (191~4) stated that the average total red blood cell val-
ue vms 7,300,000 ± 790,000 per cubic millimeter of blood for normal hamsters 
of mixed sex, two to four months old. Rose, Hannah, and Chen (1945) repoi"-
ted a higher value. They reported that the average total erythrocyte value 
was 8,940 1000 :l: 240,000 per cubic millimeter for normal hamsters of mixed 
sex, two to five months old. The value reported by Stein and Carrier (1945) 
agreed quite well ·with that reported by Rose et !J.. Stein and Carrier s t a-
ted that the average total red blood cell value was 8,600,000 per cubic mil-
limeter of blood for normal male hamsters, fifty-seven to sixty-two days 
old. The value reported by Cruz and Ubatubo (1947) agreed quite well with 
the above values reported by Rose, Hannah and Chen (1945) and Stein and 
Carrier (1945). Cruz and Ubatubo asserted that the average total erythrocyte 
value was 8,100,000 :J: 222,000 for normal male hamsters, weighing seventy-six 
to one hundred and forty-five grams. Crabb and Kelsall (1951) reported a 
slightly lower value than those in the last three investigations noted abov~ 
They maintained that the average total red blood cell value was 6,500,000 
per · cubic millimeter of blood for normal hamsters of mixed sex, eight to ten 
weeks old. 
The total red blood cell and hemoglobin values reported in this-
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thesis were fair]~ well related during the tumor-growth process in the ha~ 
ster, since elevations in one were generally reflected by elevations in the 
other. The proportionate rise in one did not always parallel the other. 
188 
The deviations in the total red blood cell volumes associated with the grov1th 
of the ~ethylcholanthrene-induced sarcoma in the cheek pouch of the hamsters 
did not always fluctuate with similar deviations in either the total eryth-
rocyte values or the hemoglobin values. All three values tended to decrease 
as the tumor continued to grov1. 
The decreases in the average hematocrit values were significantly 
lower than the normal value long before either the total er.ythrocyte or the 
hemoglobin value had become significantly decreased below the normal value. 
The hematocrit value was significantly less than normal by the twentieth day 
after tumor transplantation and its decline was extremely marked after the 
thirty-fifth day. The total red blood cell value and the hemoglobin value 
were not significantly reduced below the normal value until the fortieth 
day after tumor transplantation. 
About the time of ulceration, both the total erythrocyte and he-
moglobin values were elevated, but not significantly. This rise may have 
hematological meaning even though there was no statistical meaning. There 
may be a slight loss of blood at the time of ulceration, and this loss of 
blood may be compensated for by the bone marrow producing more red blood 
cells which would result in more grams of hemoglobin per one hundred milli-
liters of blood. The red blood cell volume was also high at the time of 
ulceration and proceeded to decline after · this time. · 
The hemoglobin and total red blood cell values 1vere approximately 
normal for about three weeks after ulceration. The necrotic products pro-
duced by central necrosis before tumor ulceration and the nec·rotic products 
absorbed after ulceration seemed to have little effect on lowering either 
the total erythrocyte value or the grams of herruoglobin. 
The pre-transplantation values of the total red blood cells, he-
moglobin and hematocrit were not related to the observed tissue reaction in 
the hamster's cheek pouch after transplantation. The factor of hemolysis 
associated with the observed tissue reaction was related to a breakdown of 
the red blood cells and the release of hemoglobin. The accumulation of iran 
products in the tissues led to a condition of hemosiderosis. The presence 
of hemosiderins around the early transplants ~~ be seen in histological 
slides. Nevertheless, neither a high nor a low pre-transplantation total 
red blood cell value or hemoglobin value could be correlated with the ob-
served tissue reaction. 
Edema observed after tum.or transplantation was related to a low 
pre-transplantation hemoglobin value. This correlation may be related to 
the resistance of the hamster to the tumor. However, since the tumor 11as 
one hundred per cent transplantable, there may be little actual significance 
to this observation. Casey, Pearce, and Rosahn (1942a), in their studies 
on the Brown-Pearce epithelial tumor ·which was not one hundred per cent 
transplantable, stated that the resistance of the rabbit to the transplant 
was associated with high or modal pre-transplantation levels of the hemo-
globin . They stated that, when the average level of the hernoglobin v..as not 
modal, the animals were susceptible to the tumor. Since all of the hamsters 
were susceptible to the methylcholanthrene tumor, the low hemoglobin values 
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before tumor transplantation were probably related to a greater r esistance 
to the t r ansplant, for observed edema. would constitute a normal part of the 
inflammatory reaction (McCutcheon, 1948). 
The literature contains many reports of changes in the total red 
blood cell count, the hemoglobin and the red blood cell volume associated 
with tumor growth. The exact explanation for the decrease associated with 
other tumors was not completely understood i n all cases . A decrease in the 
total red blood cell, hemoglobin, and hematocrit values had not been asso-
ciated with the growth of all tumors. In the case of the methylcholanthrene-
induced hamster tumor grown in the c:heek pouch, there was no evidence that 
the tumor per !! produced a substance to inter~1pt the formation of hemoglo-
bin, as has been shown by Taylor and ·Pollack (1942) and Taylor, McAfee, and 
Taylor (1943) in their studies on an adenocarcinoma of the mammary gland of 
the mouse. The hemoglobin and total red blood cell levels were maintained 
within the established normal range during most of the trunor-gr owth process . 
The drop in the total red blood cell volume, the hemoglobin , and the total 
erythrocyte count became significant at approximately the same time that the 
hamsters were observed to become severely infected. 
Polk (1904), Weil (1908), and Gorham and Lisser (1912) reported 
that the serum of cancer patients has a hemolytic action on red blood cells. 
Weil found that extracts of necrotic twmors had much more hemolytic power 
than extracts of normal organs and of non-necrotic tumors. He suggested that. 
t here vras a destructive action on the red blood cells by substances libera-
ted f rom the necrotic tumors . 1fure recently, Gross (1949) reported that 
certain types of human cancer had the ability to destroy ~ed blood cells. 
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The met hylcholanthrene-induced tumor, or the necrotic portions of the tumor, 
seemed to have little effect upon the red blood cells. If a hemolytic sub-
stance had been produced by either the tumor or the necrotic portion of the 
tumor, then a reduction in t he total erythrocyte value and the hemoglobin 
value should have occurred before ulceration, since the large tumors con-
tained areas of central necrosis. A reduction most certainly should have 
been observed after ulceration, for the observed necrotic area was increased, 
and the cumulative effects of absorbing necrotic material should have been 
noticed. However, this was not the case, since three weeks after the ap-
pearance of obser ved necrotic material the total red blood cell and hemoglo-
bin levels were within the normal range. 
It has long been noted by many investigators that the latter sta-
ges of cancer were usually accompanied by a more or less sharp decline in 
the hemoglobin level. Most writers have assumed that this depression was a 
secondary result of general body debilitation, starvation, infection, and 
hemorrhage. Alvarez , Judd, MacCarty, and Zimmermann (1927) reported that 
carcinomatous tissue alone, with little or no ulcerated surface, lacked the 
ability to lower the amount of hemoglobin in the body. In the case of car-
cinoma of the bowel, a reduction in hemoglobin was associated with a large 
ulcera ted area from which the blood could ooze and through which bacteria 
could enter. Eisen (1928) and Adliwankina (1933), using human cancer, 
stated that anemia was a secondary factor associated with t amar ulceration, 
hemorrhage, and infection. Backofen (1933), Davis (1937), and Blumenthal 
(1941) worked on animals other than man and they reported that anemia was a 
secondary association \dth the particular tumor that they employed. In t he 
present study the growth of the methylcholanthrene-induced sarcoma in the 
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cheek pouch of the hamster was not associated vdth marked changes i n the 
hemoglobin or total erythrocyte levels until the advanced stages of the 
tumor-growth process. The anemia present in the later stages of tumor 
growth v1as probably related to the secondary changes produced by necrosis 
and infection, rather than to the tumor ~ ~· 
Before discussing the anemia that was observed in the hamsters 
bearing mathylcholanthrene tumors, the normal hamster red blood cell indi-
ces should be discussed. The average mean corpuscular hemoglobin values, 
the average mean corpuscular volumes, and the average mean corpuscular he-
moglobin concentrations reported in this thesis are 23.49 i 2.23 (experi-
mental group) and 23.17 ± 1.71 micromicrograms (control group), 72.95 i 
4.57 and 71.85 ± 3.74 cubic microns, and 31.98 % 2.23 and 32.23 ± 1.45 per 
cent, respectively, for normal hamsters of mixed sex, eight to ten weeks 
old. The literature contah1s few reports related to these indices. Stein 
and Carrier (1945) reported that the average mean corpuscular volume waa 
63.2 cubic microns in six normal male hamsters, fifty-seven to sixty-two 
weeks old, and that the mean corpuscular hemoglobin in these same hamsters 
was 20.9 mieromicrograms. They did not report a normal mean corpuscular 
hemoglobin concentration. Cruz and Ubatubo (1947) likewise used only male 
hamsters in their report. They stated that the average mean corpuscular 
volume was 57.0 t 1.61 cubic microns, the average mean corpuscular hemoglo-
bin was 17.3 ± 1.24 micromicrograms, and the average mean corpuscular hemo-
globin concentration was 30.0 ± 0.36 per cent for normal hamsters weighing 
seventy-six to one hundred and forty-five grams. The values reported in 
this dissertation agr~e with cet~ain values reported by other investigators. 
However, complete agreement could not be observed. Differences may be at-
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tributed to the sex of the animals and differences in the total red blood 
cell counts, hemoglobin and hematocrit values as noted above. 
In this study the normal range for the mean corpuscular volume 
was considered to be sixty-six to eighty-one cubic microns, an::l. values above 
or below these figures were oonsidered macrocytic and microcytic, respec-
tively. The normal range for the mean corpuscular hemoglobin was considered 
to be twenty-one to twenty-six micromicrograms, and values below the lower 
figure were considered hypochromic . The normal range established for the 
mean corpuscular hemoglobin concentration was twenty-nine to thirty-four per 
cent, and values less than twenty-nine were considered low~ Average values 
reported in this thesis, that exceeded the upper limits of the mean corpus-
cular hemoglobin range or the mean corpuscular hemoglobin concentration 
range, were difficult to explain, but they might have been due to the error 
involved in considering these indices as averages rather than as distinct 
units, or they might have been related to the fact that the changes in the 
total erythrocyte count, the hemoglobin value, and the erythrocyte volume 
were not proportional to one another. 
The average red blood cell indices in the hamsters bearing 
methylcholanthrene tumors in their cheek pouches reflect the changes in the 
average total red blood cell counts, the hemoglobin and hematocrit values 
associated with tumor growth. Before ulceration of the hamster cheek pouch 
there was a tendency for both the average mean corpuscular volume and the 
average mean corpuscular hemoglobin to decrease. After ulceration of the 
cheek pouch the response of these two indices was variable. The response 
reflected in the mean corpuscular hemoglobin concentration before ulcera-
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tion was that of an increased hemoglobin concentration. After ulceration 
this index continued to increase, but near the end of the experiment these 
values decreased. These indices would tend to indicate that at the time 
of ulceration the hamsters were producing a norn~ number or a slightlY in-
creased number of red blood cells. However, the red blood cells were of a 
smaller size and contained less hemoglobin than was the case under the pre-
transplantation conditions. After ulceration of the cheek pouch, the aver-
age· indices reflected the possible variations in the response of the indi-
vidual hamsters. Although apparent trends may be seen, they were difficult 
to interpret. 
An analysis of the various types of anemia observed in the ham-
sters bearing tumors has been made using the individual erythrocyte indices. 
During the first thi r ty-five days of tumor growth, the only type of anemia 
observed in the tumor bearing hamsters was a microcytic , normochromic ane-
mia. During the last fifteen days of the experimental period, fewer ham-
sters were observed to have this type of anemia, and ch.lring these last fif-
teen days of tumor groY~h, hypochromic types of anemia appeared which were 
either of the norn~cytic or macrocytic type. The percentage of anemic h~ 
sters increased as the tumor-growth process oontinued. However, even after 
fifty days of tumor growth some hamsters were not anemic. 
The finding that hamsters with advanced methylcholanthrene-induced 
tumors were anemic confirms a speculation by Lutz, Fulton, and Akers (195lb) 
that such was the case. These investigators stated that there was an anemic 
appear ance in hamsters with methylcholanthrene tumors which had been grown 
for sixty to one hundred and eight days. They stated that this anemia was 
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not due to an erythrocyte deficiency but was presumably related to a lowered 
hemoglobin value. However, no hemoglobin determinations were made by these 
investigators. Since the growth rate of the tumor used in the present re-
search was more rapid than that of the tumor used in the study by lutz, 
Fulton and Akers, the t\~ investigations may not be comparable. There is 
a possibility that the present research clarifies the earlier report, since 
the type of anemia associated with advanced methylcholanthrene tumors was 
pointed out, and the hemoglobin values associated with advanced neoplasms 
were also investigated. The hemoglobin and total red blood cell values were 
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found to decrease in animals bearing advanced methylcholanthrene tumors in 
the present study. 
Hematologically speaking there could e but six possible factors 
producing the observed anemia associated with the tumor-growth process of 
the methylcholanthrene tumor in the cheek pouch of the hamster. These fac-
tors are (1) chronic bleeding, (2) bacterial infection, (3) decreased food 
intake, (4) loss of blood from the tumor during the tumor growth process, 
(5) absorption of necrotic products, and (6) the presence of the tumor ~ 
~· All of these factors have been investigated. 
Wintrobe (1946) and Sturgis (1948) stated that anemia could be 
produced in an animal by constant blood loss. In this study control h~ 
sters whieh were chronically bled did not show a significant drop in either 
their total red blood cell counts or their hemoglobin values during the pe-
riod covered by this research. The red blood cell volume also remained 
within the normal range for practically the entire examination period in the 
hamsters which were chronically bled. During the period of repeated bleed-
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ing in the hamsters not bearing tumors, the average mean corpuscular hemo-
globin concentration remained within the normal range. The average mean 
corpuscular volume was observed to remain low for almost the entire period 
of examination. There were marked fluctuations in the average mean corpus-
cular hemoglobin during the tumor-growth process. 
Chronic bleeding had a tendency to produce an anemia in the ham-
sters, for after four heart punctures some of the non tumor-bearing ham-
sters were anemic, showing a microcytic, normochromic anemia. Wintrobe 
(1936) and Wintrobe (1946) stated tha.t a microcytic, normochromic anemia 
was associated with constant blood loss. This 1vas the only type of ane~ia 
found in the chronically bled hamsters. By v-ray of contrast, the tumor-
bearing hamsters possessed various types of anemia . However, the early 
stages of tumor growth were generally associated with a microcytic, normo-
chromic type of anemia, while the later stages did not have this type of 
anemia as the dominant type. This probably indicated that factors other 
than chronic bleeding were associated with the anemia in the later stages 
of tumor grov..th. The microcytic, normochromic anemia associated with the 
chronic loss of blood and the early stages of tumor growth has little 
clinical significance, since this type of anemia could readily be cured., 
Wintrobe (1946). 
The control hamsters which were chronically bled show-red an in-
creasing tendency to develop microcytic, nor.mocbxomic anewia as the number 
of cardiac punctures increased up to eigh~. After this time there were 
fewer and fewer animals with this type of anemia, and at the co nclusion of 
the experiment none of the surviving hamsters was a.nemic . This implies 
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that there was a factor present in these chr onically bled hamsters which 
enabled them to overcome the cumulative effects of chronic blood loss. 
Although the number of hamsters with a mie-rocytic, normochromic 
anemia decreased in the tumor-bearing hamsters , other forms of anemia de-
veloped. A factor decreasing the anemic tendency may have been present in 
these tumor-bearing hamsters. However, because of the increasing necrotic 
mass and volume of a growing tumor, this factor may not have been effee-
tive i n preventing anemia. The presence of macrocytic anemia L~ some of 
the hamsters with advanced tumors might be related to active regeneration 
of red blood cells in these animals. Wintrobe (1936) and llintrobe (1946) 
reported that a macrocytosis was often associated vdth active regeneration 
of red blood cells. Some of the bone marrows in these chronically bled , 
tumor-bearing hamsters did reflect an erythroid hyperplasia. This may ac-
count fo r the observed macrocytosis . 
'willison (1938) stated that bacterial toxins were causative fac-
tors in anemia. He also stated that bacterial infections produced variable 
types of anemia . Robscheit-Robbins and ~fuipple (1936) stated that bac-
terial infection resulted in a disturbance of t he internal metabolism which 
was concerned with the rebuilding of the large hemoglobin molecule. Vaughan 
and Saifi (1939) stated that infection caused an abnormality in hemoglobin 
synthesis and resulted in anemia. Wintrobe (1946), Todd and Sanford (1948), 
I 
and Sturgis (1948) reported that bacterial infe,:::tion can produce anemia. 
The control experiments performed on turoor-bear:ing hamsters failed to demon-
strate the presence of either hemolytic or non-hemolytic bacteria in the 
hamster's blood stream. Similar types of anemia were found in the group of 
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animals used in the bacteriological study as we1~ found in the hamsters 
used in the study of total red blood cells, hemoglobin and hematocrit. 
Absence of bacteria does not preclude the possibility that the 
types of anemia found in the advanced stages of tumor growth were related 
to the products of bacterial metabolism. The differential white blood cell 
picture definitely reflected a severely infected animal. The accumulation 
of bacterial products wi. thin the hamster may have been responsible for the 
reduction in the total erythrocyte count and the hemoglobin value. Hypo-
chromic forms of anemia were associated with the later stages of tumor 
growth, a period that was previously demonstrated to reflect a severely in-
fec ted animal. 
The absence of a hypochromic type of anemia before the time of 
marked infection might indicate that the delay in the production of this 
type of anemia may be related to an accumulation of bacterial products. 
Central necrosis was present in the larger tumors before ulceration, and 
observed necrosis was present after tumor ulceration; however, there was 
no evidence of a hypochromic anemia. The coincidence of hypochromic anemia 
with a severely infected animal and the later stages of tumor growth may 
also be r elated to the multiple cumulative effects of repeated cardiac punc-
tures. Tumor-bearing hamsters may have been unable to cope with the factor 
of continued absorption of bacterial products and the cumulative effect of 
chronic bleeding, and this might have been reflected in the later stages of 
tumor growth. 
The absence of bacteria in the blood stream of the hamsters bear-
ing methylcholanthrene twnors did indicate that the observed anemia, regard-
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less of type, was not related to the direct presence of bacteria per ~~ 
but was probably directly related to the tumor-growth process. 
Wintrobe (1946) and Sturgis (1948) stated that anemia could be 
produced by lack of nutrition or improper nutrition. The studies on tumoi"-
bearing hamsters demonstrated that the presence of large tumors in the h~ 
ster cheek pouches did not prevent the animals from eating. The study on 
food consumption and feces production in tumor-bearing hamsters showed that 
the average amount of food consumed and the average amount of feces produced 
remained within the established normal range during the tumor-growth pro-
cess. In the advanced stages of tumor growth, elevations in the quantity of 
feces produced over the amount that would be normally expected by the amount 
of food consumed were related to the presence of diarrhea in some of these 
animals. 
Although the average values for food consumption remained within 
the established normal range, certain hamsters were observed to eat less 
food. A hypochromic type of anemia was associated with a decreased food in-
take. Hamsters usually ate less food in the later stages of tumor growth, 
and this was the period in which the hypochromic anemia was observed. An 
inability to produce hemoglobin would be related to an absence of the raw 
materials necessary for its production. The only type of anemia found in 
those hamsters which consumed a normal amount of food was of a microcytic, 
normochromic type and was most likely related to the chronic bleeding of 
this group of hamsters. 
The diarrhea observed in twenty-five percent of the hamsters af-
ter thirty-five days of tumor growth might have been related to the hypo-
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chromic type of anemia in the later stages of tumor gro th. Wintrobe (1946) 
reported that diarrhea was usually asso ciated with anemia. He stated that 
the diarrhea was caused by a faulty absorption of food and that a hypochromic 
anemia of a macrocytic type was often the result. 
The possibility exists that the amount of food consumed, even 
though it was two standard deviations below the nor.mal for a forty-eight 
hour period, was not responsible for the production of a hypochromic anemia. 
Other factors may have been involved. 
Robscheit-Robbins and \Vhipple (1936), Willison (1938), Wintrobe 
(1946), and Sturgis (1948) maintained that loss of blood by hemorrhage could 
produce an anemia. Benzidine tests performed on the feces of tumor-bearing 
hamsters failed to demonstrate the presence of occult blood during any phase 
of the tumor-growth process. If the hamsters bled from the cheek pouch dur-
ing the tumor-growth process, blood should have been detectable in the fe-
ces. The anemia produced in the tumor-bearing hamsters was not related to 
hemorrhage from the cheek pouch tumors. 
Five days after the injection of cell-free necrotic material from 
a methylcholanthrene-L~duced sarcoma there was no alterati .n noted in the 
total red blood cell, hemoglobin, or hernatocrit values. The effects of mul-
tiple injections or an alteration of the dosage may have produced different 
results. Necrotic material present during much of the tumor-growth process 
of the methylcholanthrene tumor in the cheek pouch had little effect on the 
total erythrocyte count or the hemoglobin value, since these values did not 
decline significantly until very late in the tumor-growth process. Necrotic 
material may have a definite effect on the internal metabo lism and bring a-
bout changes in both the hemo globin and total erythrocyte values; however, 
the necrotic products may have to attain a certain critical concentration. 
The changes i n the red blood cell volume may be related to the pr esence of 
observed necrotic material, since changes in the hematocrit were first sig-
nificant after ulceration of the cheek pouch and continued to remain signi-
f i cant for the remainder of the tumor-grov~h process. 
Taylor and Pollack (1942) reported their theory that the tumor 
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per ~ produced a substance that interfered with the production of hemoglo-
bin and resulted in the production of anemia. In the present study the re was 
little evidence to support this theory. The reasons have been stated above . 
The variability of the bone marrow response in the hamsters with 
advanced tumors and which were chronically bled has been noted above. Eith~r 
an erythroid o~ a .myeloid hyperplasia was noted. Hamsters that possessed an 
erythroid hyperplasia were probably not anemic. However, they were proba-
bly severely infected. Animals with a myeloid hyperplasia probably showed 
more severe signs of anemia. These bone marrow findings may help explain 
the fact that some hamsters had a marked anemia while others had a moderate 
anemia or were normal. The studies on extramedullary hematopoiesis may also 
help to clarify the variability in the type of anemia observed in the tumor-
bearing hamsters. 
Maximow and Bloom (1943) stated that under physiologic conditions 
in adult mammals, especially in man, the new formation of myeloid elements 
is confined to the bone marrow. Erythroblasts or myelocytes were rarely 
found in other places. They also stated that in various abnormal conditions 
extramedullary or ectopic myelopoiesis or myeloid metaplasia was of common 
occurrence. They further reported that factors which influenced the organ-
ism as a \'thole could call forth extramedullary myelopoiesis in various parts 
of the body, as in leukemia and certain intoxications and infections, and 
that the condition could be produced through repeated bleeding. As a rule 
the spleen was the first organ affected. Later the liver, lymph nodes, 
adrenala, a·nd other organs became involved in the process. At first, in 
practically all cases, they maintained that heterophil and eosinophil mye-
locytes appeared in the new place; megakaryocytes appeared later and finally 
erythroblasts developed. 
Barnes and Sisman (1939) asserted that in older mice myelopoiesis 
in the spleen was very common, but they stated that it was unknown whether 
this was physiological or pathological. They further stated that in these 
hemopoietic foci all of the elements normally found in the normal marrow 
were usually present, and the granulopoietic elements most often predomina-
ted over the erythropoietic and megakaryocytic elements. 
Lang (1926) reported that extramedullary myelopoiesis was pro-
duced in rabbits by injection of sapotoxin, pyrogallol, pyrodin, benzol, and 
phenylhydrazene. Dieckmann (1922) stated that the injection of Proteus Xl9 
into rabbits had produced extraJOOdullary myelopoiesis, and live or dead 
Bacillus coli were demonstrated by Siegmund (1923) to produce extramedullary 
hematopoiesis. Opie (1904) studied the relationship of cells with eosino-
philic granules to bacterial infection in guinea pigs, and he noted the 
presence of myeloid elements in the spleen a short tllae following the intra-
peritoneal inoculations of the bacterial suspensions. However, he main-
tained that they were not produced in the spleen but were carried there from 
the bone marrow by the blood. 
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In addition to t he association of ectc•pic myeloid metaplasia with 
chronic bleeding and bact erial infection , this condition has also been re-
lated to tumor grovTth. Jaffe (1921) noted extr amedullary hemat opoiesis in 
the spleen and liver of mice following successful inoculations with trans-
plantable t umors. Hueper (1934) found an increased incidence of extra-
medullary myelopoiesis in mice with spontaneous mammary car cinoma. Par sons 
(1935 and 1936) also reported that she observed myeloid metaplasia in the 
spleen and liver of mice bearing chemically induced sarcomas. McEuen and 
Selye (1935) reported that they had observed extramedullary hematopoiesis, 
not only i n the spleen and liver, but also in the adrenal glands of male 
rats bearing Walker rat carcinoma (Number 256). Lewis (1937a) reported 
that she also observed extramedullary hematopoiesis in the adrenals of some 
of her tumor-bearing rats and mice. However, she did state that this 
phenomenon was not conunon to all rumor-bearing animals. Lervis (1937) ob-
served t ha t mice bearing transmitted tumors, originally produced by 1:2:5:6-
dibenzanthracene, developed a pronounced myeloid hyperplasia and enlarged 
spleens. 
In the transmissible myeloi d leukosis originally described by 
Krebs, Rack-Nielsen, and Wagner (1930), and also studied by Rack-Nielsen 
and Rack-Nielsen (1936 and 1938), they reported that the lymphocytosi s nor-
mally existing in mice was changed to a prolonged relative and absolute 
neutrophilia. They also asserted that there v~s a hyperplasia of the bone 
marrow and that the pulp of the spleen, in some instances, showed pronounced 
myeloi d hyperplasia, and in other instances there was accumulation of myelo-
blasts, transitional stages between these changes also being observed. 
Barnes and Sisman (1939) stated that the problem of whether m.yelo-
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genesis took its origin in the spleen or liver (~eloid metaplasia), or ori-
ginated in primitive cells that were carried to the spleen am liver by the 
blood stream (colonization), had been discussed for decades. They stated 
that their study on bwmor-bearing mice did not solve the problem. However, 
they did observe extramedullary hematopoiesis in the spleen and liver of 
their mice. They also reported the essential characteristics that distin-
guish non-malignant extramedullary myelopoiesis from leukemia. Extramedul-
lary hematopoiesis has also been observed in cases of human cancer. Stats, . 
Rosenthal and Wasserman (1947) reported that they occasionally observed mye-
loid metaplasia in connection with symptomatic hemolytic anemia associated 
with various fonns of human malignancy. 
Kelsall (1949) reported that she had observed extramedullary mye-
lopoiesi s as so cia ted vd th the growth of a 9, 10-d:i.me thy 1-1, 2-benzanthra-
cene-induced sarcoma in the hamster. She reported that the development of 
extramedullary hematopoiesis did not normally occur in the spleen of the 
hamster. The hematopoietic foci in the spleen were observed by her to con-
tain myel oblasts and they were found in the sinuses of the red pulp sixteen 
days after tumor transplantation. She stated that as extramedullary hema-
topoiesis progressed in the tumor-bearing hamsters, all stages of the ery-
thr ocytic and granulocytic series were present , and the poietic foci in-
creased in size until the red and white pulp were indistinguishable. 
Megakaryocytes, which did not normally occur in the spleen of the hamster 
as they do in the spleen of mice, were found by her to become numerous 
throughout the red pulp. 
Kelsall (1949) further asserted that cells of both the erythro-
cytic and granulocytic series in the spleens of her hamsters were indistin-
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guishable from similar cells in the bone marrow in nuclear am cytoplasmic 
characteristics, in content of thymonucleic acid, and in the number and 
distribution of oxidase granules . MOreover, she maintained that no one 
stage of either the erythrocytic or granulocytic series predominated. She 
also observed that some of her tumor-bearing hamsters had extramedullary 
hematopoiesis in the liver. However, she asserted that this condition was 
not found in the thymus, peripheral lymph nodes, or the intestinal lymphoid 
tissue. 
Kelsall (1949) stated that the red marrow in the long bones of 
normal hamsters occupied the entire marrow cavity, as was also found by 
Jaffe;(l931) in mice. Therefore, whenever need for an increase in hemato-
poietic cells occurr ed, such as during tumor growth or in pregnancy, the 
spleen probably took over this function more readily than in those animals 
i n whi ch t he red marrow was limited to only a small portion of the bone cav-
i t y and i n which yellmv marrow became the first site for increased blood 
cells. She maintained that erythropoiesis and granulopoiesis were the 
causes of splenomegaly in her hamsters with sarcomas. 
Since extramedullary hematopoiesis had been observed previously, 
associated vdth bacterial infection, chronic bleeding, and tumor growth, the 
detection of this condition in hamsters bearing methylcholanthrene-induced 
cheek pouch transplants ·was not surprising. The observation of extramedul-
lary hemat opoiesis in the present s t udy may have a definite relationship to 
certain of the hematological fact ors investigated. The observation of 
questionable hematopoiesis may be related to the fact that serial sectior~ 
were not made. MCEuen and Selye (1935) stated that serial sections would 
help to clarify uncertain cases of extraro.edullary hematopoiesis . 
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Ectopic myeloid metaplasia was observed in the spleens of non tu-
mor-bearing hamsters with repeated cardiac punctures. This condition vias 
never observed in the livers of non tumor-bearing hamsters with repeated 
heart punctures. Therefore, extramedullary hematopoiesis can be produced 
in the hamster by chronic bleeding. Tumor growth , either alone or combined 
with chronic bleeding, was observed to produce extramedullary hematopoiesis 
in the spleen and frequently in the liver. Since the tumor-growth process 
also resulted in hemopoi etic activity in some livers, as well as in all 
spleens , then it must be assumed that tumor growth produced more pronounced 
changes in the hemopoietic centers than did chronic bleeding. 
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The results reported in this thesis relative to the total red 
blood cell count, the hemoglobin and hematocrit val ues associated with the 
growth of the methylcholanthrene tumor become clearer when considered in re-
lation to extramedullary hematopoiesis. The fact that the total erythrocyte 
count and the hemoglobin level were maintained for many days after the ap-
pearance of ulceration and observed necrosis may be directly related to the 
presence of extrrunedullary hematopoiesis. Extramedullary hematopoiesis was 
observed in hamsters with tumors and Which were chronically bled shortly 
after ulceration. Kelsall (1949) stated that the cells produced in the e~ 
t ramedullary foci of her hamsters were functionally identical vtith those pro-
duced in the bone marrow. Therefore ~ the extramedullary production of red 
blood cells in the present research could have been functionally capable of 
maintaining the total red blood cell count and t he hemoglobin level af ter ul-
ceration. However, in the very advanced stages of tumor growth, in spite of 
extramedullary hematopoiesis in the spleen and possibly the liver, hamsters 
with methylcholanthrene-induced cheek pouch tumors vrere unable to produce a 
sufficient number of red blood cells, or a sufficient quantity of hemoglobin 
for the red blood cells produced and, therefore, they developed a hypo-
chromic anemia. 
The study on anemia in the hamsters bearing methylcholanthrene 
tumors and w'nich were chronically bled could nov1 be considered in the light 
of extramedullary hematopoiesis. The microcytic, normochromic anemia ob-
served in these hamsters after four heart punctures ten days after tumor 
transplantation was related to the factor of cl~onic bleeding, since non 
tumor-bearing chronically bled hamsters likewise developed this type of 
anemia at aboq.t the same time . The ndcrocytic, normochromic anemia present 
in the hamsters with tumors and which were r epeatedly bled increased in its 
frequency of appearance until the twentieth day of tumor grovvth and after 
six cardiac pictures. Extrarnedullary hematopoiesis was first observed at 
this time, and from the twentieth day after tumor transplantation to the 
thirty-fifth .day after tumor transplantation the number of animals with a 
microcytic, nornmchromic anemia tended to decrease. The presence of necro-
sis in these anima.ls with ulcerated tumors may have augmented the process 
of extramedullary hematopoiesis, since the non tumor-bearing chronically 
bled hamsters continued to demonstrate increasing percentages of rricroey-
tic, normochromic anemia until after they received eight heart punetures . 
After eight. cardiac punctures the non tumor-bearing hamsters which were re-
peatedly bled continued to show decreasing percentages of microcytic, normo-
chromic anemia and at the termination of the experiment none. of t he surviving 
hamsters were anemic . Apr:arently , splenic axtra;'!ledullary hematopoiesis had 
become so pronounced in degree that the anemic condition was held in check . 
On the other hand, the tumor-bearing hamsters ·which were chroni-
cally bled were faced with the presence of bac·Gerial products and necrosis 
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and, even though the liver in these animals developed hemapoietic foci, 
these hamsters could not cope ldth the mounting stimuli . After f or ty days 
of tumor growth, the percentage of anemic animals increased again and vari-
ous types of anemia, other than microcytic, normochromic anemia, were ob-
served. The presence of absorbed bacterial products, and the fact that some 
hamsters were not eating as much food, may have been rontributing factors to 
the hypochromic anernias observed. Wintrobe .(1936) stated that the macrocy-
tosis of red blood cells was related to active hemopoietic centers. Macro-
cytosis noted in this research might be explaL~ed on this basis. Despite 
hematopoietic act.ivity on the part of the bone rrarrow, the spleen, and the 
liver , the majority of the tumor-bearing hamsters became anemic. The smal-
l er percentage of hamsters which were not anemic, even after fifty days of 
twnor growth, probably had a greater degree of extramedullary hematopoiesis 
in their livers than did the other hamster s, or their bone marrows may have 
been more active, or they may ·have been geneticaliy different from the ane-
mic hamsters. 
Lewis (1937a) repor ted that she observed extramedullary hemato-
poiesis in rats and mice when the tumor growth was accompanied by the devel-
opment of a severe neutrophilia in the peripheral blood of the host . In 
the tumor-bearing hamsters investigated in this research, extramedullary he-
matopoiesis was also observed to be accompanied by a severe neutrophilia. 
However , non tumor-bear ing chronically bled hamsters developed extramedul-
lary hematopoiesis in the absence of a neutrophilia. In the tumor-bea~lng 
hamsters vmich wer e chronically bled, extramedullary hematopoiesis and a 
neutrophilia occurred at approximately the ~~ time . The production of 
white blood cells in sites other than the bone marrow may have helped the 
tumor-bearing hamsters to maintain high neutrophil counts during the entire 
period after ulceration. 
Parsons (1935) stated that the great increase in the total v1hi te 
blood cell counts in her mice were related to excessive activity of the bone 
marrow and extramedullary hematopoiesis of the spleen and liver. In t he 
tumor-bearing hamsters which were used in this research and which ere 
chronically bled, the high total white blood cell values r eported may also 
be related to the increased production of leukocytes by myeloid centers 
other than the bone marrow. However, extramedullary hematopoiesis ~ !! 
did not necessitate an increased total leukocyte count, for non tumor-bear-
ing hamsters that were repeatedly bled failed to show high total white 
blood cell counts even ~~ough they demonstrated extramedullary hematopoiesis. 
In this research megakaryocytes were not observed in t he extra-
medullary blood forming centers in either the spleen or the liver in the 
non tumor-bearing repeatedly bled hamsters, or in these same organs in t he 
tumor-bearing, chronically bled hams ters . Previous investigators have r e-
ported their presence in foci of hemopoitic activity. The possibility of 
their pres ence may further explain the maintained platelet counts in the 
animals with methylcholanthrene tumors . T'ne extramedullary product ion of 
.blood platelets could also explain the absence of a thrombopenia in hamsters 
with advanced tumors and may be a third reason for normal platelet counts , 
even though the report by Lutz, Fulton, and Akers (195lb) might ·i ndicate a 
decrease. 
210 
CONCilJSIONS 
1. Average neutrophil, lymphocyte, monocyte, eosinophil, platelet, sedi-
mentation rate, total white blood cell, total red blood cell, hemoglo-
bin, hematocrit, mean corpuscular hemoglobin, mean corpuscular volume, 
and mean corpuscular henl.oglobin concentration values were established 
in each case for forty normal hamsters of mixed sex, eight to ten 
weeks old. These blood factors were studied in a group of eighty tu-
mor-bearing hamsters of mixed sex, eight to ten weeks old. 
2. Associated with the growth of the methylchol anthrene-induced hamster 
sarcoma in the cheek pouch of the hamster there was an increase in the 
average percentage of neutrophils and a decrease i n the average per-
centage of lymphocytes. 
3. Ther e was an increase in the average percentage of neutrophils before 
ulceration and a corresponding decrease in the lymphocytes at this same 
time. After ulceration the average increase in the neutrophils and the 
average decrease in the lymphocytes were more pronou.11Ced. 
4. High pre-transplantation lymphocyte values were correlated with a marked 
observed tissue reaction. 
5. There were no significant changes in the average monocyte and eosino-
phil percentages associated with the growth of the methylcholanthrene-
induced hamster sarcoma in the cheek pouch of the hamster. Pre-trans-
plantation monocyte and eosinophil values could not be related to the 
observed tissue reaction. 
6. There vras a progressive increase in the non-filamentous neutrophils un-
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til the thirty-fifth day after tumor transplantation, then these neu-
t rophils decreased. Increasing numbers of neutrophile with 11 toxic 11 
granules in their cytoplasm were associated with this period of de-
cline. 
7. Promyelocytes, myelocytes, and metamyelocytes ·rere seen in the peri-
feral blood of hamsters with advanced tumors. 
8. The average total white blood cell values were observed to increase 
with the tumor-growth process. The total leukocyte values were in-
creased before ulceration. After ulceration the total white blood 
cell values increased until the thirty-fifth day after tumor transplan-
tation, then these values proceeded to decline but remained above the 
normal pre-transplantation level. The edema before tumor ulceration 
was always associated with a low total white blood cell count prior to 
tumor transplantation. 
9. The average sedimentation rate was wi thin ti1e normal range for most of 
the tumor-growth process but increased in t he later stages of tumor 
growth. Even after fifty days of tumor growth, thirty per cent of the 
hamsters had normal sedL~entation rates. Increased sedimentation rates 
were associated with decreased total erythrocyte, hemoglobin, and he-
matocrit values. Pre-transplantation sedimentation rates were not re-
lated to observed tissue reaction phenomena. 
10. Platelet counts were maintained within the normal range during the en-
tire tumor-growth process. The maintenance of platelet counts was re-
lated to a hypertrophy of the megakaryocytes in the bone marrow and 
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possibly related to extramedullary hematopoiesis. Pre-transplantation 
platelet values were not related to observed tissue reaction phenomena. 
11. The average hematocrit values decreased as the tumor-growth process 
continued. The first significant decrease in the average hematocrit 
value occurred soon after ulceration. The decrease in the average r ed 
blood cell volume after thirty-five days of tumor growth was very 
marked. 
12. The average hemoglobin values were maintained within the normal range 
during most of the tumor-growth process but declined significantly dur-
ing the later stages of tumor growth. The average hemoglobin value re-
mained within the normal range for approximately twenty days after ul-
ceration of the cheek pouch. Edema before ulceration seemed to be as-
sociated with a low pre-transplantation hemoglobin value. 
13. The average total red blood cell values were maintained within the nor-
mal range during most of the tumor-growth process. However, the total 
erythrocyte values declined significantly during the later stages ·of 
tumor growth. No correlations could be made between the total red 
blood cell levels before tumor transplantation and the observed tissue 
reaction. 
14. The three red blood cell indices showed fluctuations during the tumor-
growth process. There was a general tendency for the mean corpuscular 
hemoglobin and the mean corpuscular volume to decrease during the tumor-
growth process. After ulceration the mean corpuscular hemoglobin con-
centration tended to increase. 
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15. Anemia was generally associated with the growth of the methylcholan-
threne-induced sarcoma in the clleek pouch of the hamster. The percen-
tage of anemic hamsters increased as the duration of tumor growth in-
creased. Early stages of tumor growth were associated with a micro-
cytic, normochromic anemia, while the later stages of tumor growth · 
seemed to be associated with a hypochromic type of anemia. After fif-
ty days of tumor growth some hamsters were not anemic. 
16. There was no apparent effect on the differential white blood cell, to-
tal leukocyte, platelet, sedimentation rate, total erythrocyte, hemo-
globin, or hematocrit values in the twenty non tumor-bearing control 
hamsters which were chronically bled. 
17. The three red blood cell indices in the chronically bled hamsters were 
altered, and these hamsters developed a micr ocytic, normochromic anemia 
after four heart punctures. The percentage of such anemic hamsters was 
found to increase until after eight cardiac punctures, then this type 
of anemia decreased, and after tl'relve heart punctures none of the su~ 
viving hamsters was anemic. 
18. The benzidine test performed on the feces of fifteen tumor-bearing ham-
sters revealed that such hamsters were not developing an anemia because 
of blood lost ~ the digestive tract during the tumor-growth process. 
19. N:either hemolytic nor non-hemolytic bacteria could be demonstrated in 
the blood stream of either ten normal or ten tumor-bearing hamsters. 
Therefore, the anemia in the tumor-bearing hamster s could not be attr ib-
uted to the presence of either hemolytic or non-hemolytic bacteria in 
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their blood streams. 
20. Normal hamsters of mixed sexes, eight to ten weeks old, consumed an 
average of 6.94 I 1.52 grams of Purina Laboratory Chow per twenty-
four hours. These twenty-five hamsters produced an average of 72.30 
± 13.90 fecal pellets per twenty-four hours. The average amounts of 
food consumed and feces produced remained withix1 nor.mal limits dur-
ing the tumor-growth process. Approximately fifty-five percent of 
the hamsters consumed less food than the normal average after fifty 
days of tumor growth. All or the hamsters in this group had a form 
of hypochromic anemia. 
21. Five days after the injection of 0.5 cubic centimeter of a cell-free 
extract of necrotic material, the percentage of immature neutrophils 
was observed to be sig1rlficantly increased in the six hamsters ex-
amined. All of the other blood cell elements examined were within. 
the established normal range . 
22. Extramedullary hematopoiesis was studied in a total of one hundred 
and nine hamsters and was observed in the spleens of tumor-bearing 
hamsters with cardiac punctures, in the spleens of tumor-bearing ham-
sters without cardiac punctures, and in non tumor-bearing hamsters 
with repeated cardiac punctures . Extramedullary hematopoiesis was 
never observed in the livers of non tumor-bearing hamsters with re-
peated heart punctures. HoVIever, extramedullar~ hematopoiesis was 
observed in the livers of tumor-bearing hamsters regardless of 
whether they received heart punctures or not . 
23. There was an increase in the rnunber of megakaryocytes in the bone mal'-
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rows of chronically bled hamsters and tumor-bearing hamsters, whether 
they were chronically bled or not. The bone marrow of non tumor-bear-
ing, chronically bled hamsters tended to be erythroid hyperplastic. 
Tumor-bearing hamsters which were not repeatedly bled tended to have a 
granulocytic hyperplasia of their bone marrow. The bone marrow response 
in the chronically bled, tumor-bearing hamsters was variable. A total 
of fifty-seven hamsters were used in these bone marrow studies. 
24. The connective tissue blood cell response around the early methyl-
cholanthrene tumors could not be correlated \dth changes in the blood 
cells in the peripheral blood. However, the blood cell changes around 
a transplanted tumor reflected an inflammatory response . 
25. The observed hemolysis around the transplanted tumors was produced by 
hemoglobin hemorrhage, hemosiderosis being present. 
26. Central necrosis was found to be a function of twnor size . 
SUMMARY 
Hamster blood cell factors were correlated with the growth of a 
methylcholanthrene-induced hamster sarcoma in the cheek pouch of the ham-
ster for a fifty day period. Correlations were made between the formed ele-
ments of the blood and observed phenomena associated with the growth of the 
tumor in the hamster cheek pouch. 
By means of standard hematological techniques applied to blood ob-
t ained by cardiac punctures and, in certain instances, tail puncture , aver-
age neutrophil, lymphocyte, monocyte, eosinophil, platelet, sedimentation 
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rate, total White blood cell, total red blood cell, hemoglobin, hematocrit , 
mean corpuscular hemoglobin, mean corpuscular volume, and mean corpuscular 
hemoglobin concentration values were established in each case for forty nor-
mal hamsters of mixed sex, eight to ten weeks old. The values for all of 
the factors mentioned above agreed quite well with similar values reported 
by other investigators. However, average normal sedimentation rates were 
not reported previously for the hamster. 
The blood values were studied in an experimental group of eighty 
hamsters of mixed sex, eight to ten weeks old. The differential white blood 
cell for.mula was markedly altered during the twnor-growth process . Associa-
ted with the growth of the methylcholanthrene-induced hamster sarcoma i n the 
cheek pouch of the harr,ster, there was a significant increase i n the average 
percentage of neutrophile and a significant decrease in the average per-
centage of ly.mphocytes. There were no significant changes in the average 
monocyte and eosinophil percentages associated with the ttUnOr-growth process. 
The terminal decrease in the monocyte and eosinophil averages was considered 
to be related to the masking effect of the pronounced neutrophilia. 
There was a significant increase in the neutrophils and a s ignifi-
cant decrease in the lymphocytes before ulceration. During the pre-ulcera-
tion phase of the tumor-growth process, these changes were related to the 
methylcholanthrene tumor per ~ or to the prese:nce of central necrosis. 
Since central necrosis was associated only with the growth of the larger tu-
mors at this time, there vtas a definite possibility that the tumor per ~ 
could have evoked the changes in the neutrophi_ and l ymphocyte percentages. 
After ulceration the average increase in the neutrophils and the average de-
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crease in the lyn1phocytes were marked. A definite neutrophilia existed for 
there was a r eversal of the average neutrophil percentages to the average 
lymphocyte percentages. The neut r ophilia present after ulceration was pro-
bably r elated to the absorption of either necrotic or bacterial products. 
The observed t issue reaction noted after tumor transplantation 
was correlated with a high pre-transplantation l ymphocyte value. Observed 
tissue reaction, vkdch was characterized by areas of herr~globin hemorrhage, 
may have a definite relationship to the resistance of the host to the trans-
plant. 
The bone marrow response associated w·lth the tumo:r-grm th process 
was analyzed by means of filamentous and non-filaw&ntous neutrophil counts . 
There was an i ncrease i n the non-filamentous neutrophils before ulcerat ion 
and a sharp increase after ulceration. However , during the last fifteen 
days of tumor growth, there was a decrease in the non-filamentous neutro-
phile . Increasing numbers of neutrophil.s with 11 toxic" granules in thei:r cy-
toplasm were associated with the l ast fifteen days of t umor growth. The 
pr ogressive increase in the number of non-fi lamentous neutrophils i ndicated 
that the bone marrow was being stimulated by the tumor per ~' by central 
necrosis, by absorbed necrotic material, or by the absorption of bacterial 
pr oducts . The decline in the per cent age of non-filamentous neutrophils and 
appearance of "toxic" granules indicated that the bone marrow was una.ble to 
cope vr.i. th the demands for more neutrophils and the hamsters were becoming 
severely infected. In spite of marked stimulation of the bone marrow and 
the presence of extramedullary hematopoiesis in the spleen and in some liv-
ers, the hamsters were severely infe cted during the later stages of tumor 
--- -------
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growth. The multiple cumulative effects of chronic bleeding may have con-
tributed to the inability of the bone marrow to produce non-filamentous neu-
trophils. The bone marrow was studied in fifty-seven hamsters, one hundred 
and ni e hamsters were used in the study on extramedullary hematopoiesis , 
and the effects of chronic bleeding were studied in a control group of twenty 
hamsters . 
The average total white blood cell values were observed to i ncrease 
with the tumor-growth process . The total leukocyte values were increased be-
fore ulceration. After ulceration the total white blood cell values in-
creased until the thirty-fifth day after tumor transplantation, then these 
values proceeded to decline, but they remained above the normal pre-trans-
plantation l evel. The same factors producing the neutrophilia were probably 
responsible for the changes in the total leukocyte count . 
The edema before tumor ulceration was always associated with a 
low total white blood cell count prior to tumor transplantation. Edematous 
tumors before ulceration were generally associated ·with low total leukocyte 
counts after transplantation. The observation that a low total leukocyte 
count was associated with edema may explain the numerous reports by other 
investigators that there was no increase in t he number of white blood cells 
until ulceration, since former investigators could not observe edema. 
The average sedimentation rate was ·within the nor mal range f or 
most of the tumor-growth process. The later stages of tumor growth were ac-
companied by an increased sedimentation rate. Central necrosi and ulcera-
tion did not alter the sedimentation rate. Increased sedimentation rates 
were associated with decreased total erythrocyte, hemoglobin, and hematocrit 
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values. 
Platelet counts were maintained within the normal range during the 
entire tumor-growth process. Central necrosis, ulcera tion, and observed ne-
crosis did not; alte1• the plat let values. The maintenance of platelet 
counts was related to a hypertrophy of the megakaryocytes in the bone mar-
row and possibly related to the presence of megakaryocytes in the foci of ex-
tramedullary hematopoiesis. It may be inferred from the work of Lutz, 
Fulton, and Akers (195lb) that hamsters with advanced methylcholanthrene-in-
duced cheek pouch sarcomas would have a thrombopenia . However, the present 
research did not confinn this inference. 
The average total erythrocyte and hemoglobin values were main-
tained withi the nomtal r ange for most of the tumor-growth process . Both 
of these val1es declh1ed significantly during the later stages of tumor 
growth. The total red blood cell and hemoglobin values were maintained in 
the presence of central necrosis, ulceration and, for a time, even in the 
presence of observed necrosis. The tumor per ~ had no direct inhibitory 
effect on either hemoglobin production or the total erythrocyte count . This 
research did not confirm the theory of Taylor and Pollack (1%2). Extra ed-
ullary hematopoiesis and a possible erythroid hyperplasia of the bone mar-
row may have helped maintain the hemoglobin and total red blood cell val-
ues, even in the presence of necrosis . The multiple cumulative effects of 
chronic bleeding and severe infection may have contributed t o the reduction 
of these values in the late_ stages of tumor grovJth .. The association of 
edema before ulceration >rith a low pre-trru1splantation hemoglobin value may 
be of significance when considered in the light of Strong's work (1936 and 
1937) . 
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The average r.ed blood cell volume decreased as the tumor-growth 
process continued. Soon after ulceration there was a significant decrease 
i n the average hematocrit val ue . The advanced stages of tumor growth were 
associated with a sharp decline i n the average red blood cell volumes . The 
presence of necrotic material, bacterial products, or the t umor probably 
produced a reduction in the ave1~age hematocrit value. 
An analysis of the three red blood cell indices i ndicated that 
they showed f luctuations during the tumor-growth process . On the basis of' 
these indices , an anemia was found to be associated with the growth of the 
methylcholanthrene-induced sarcoma in the cheek pouch of the hamster. The 
percentage of anemic hamsters increased as the duration of tumor growth i n-
creased. The type of anemia was observed to change. Early stages of tumor 
growth, before ulceration and shortly af ter ulceration, were associ ated with 
a microcytic , normochromic anemia, while the later stages of t umor growth 
seemed to be associated with a hypochromic type of anemia . Even after fifty 
days of tumor growth some hamsters were not anemic. 
Chronic bleeding was probably r esponsible for the microcytic, no~ 
mochromic anemia (V'lintrobe, 1946). The decrease i n the number of a.oomic 
hamsters and then the increase i n such hams ters was probably related to a 
regulation of the anemic tendency by the onset of ext.ram.edullary hema topoie-
sis , fol lowed by the i nability of increased bone marrow activity and extra-
medullary hematopoiesis to cope with the cumulative effects of chromic bl eed-
. i ng and absorption of necrotic material and bacterial products . I n some h~ 
sters the bone marrow response and the presence of extramedullary hematopoie-
sis were probably capable of preventing anemia . The hypochromic anemia as-
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sociated with the later stages of tumor growth was probably related to the 
cumulative effects of absor bing necrotic material, absorption of bacterial 
products, cumulative effects of chronic bleeding, deficiency of food int ake , 
and poor absorption of digestive products . Experi1nents performed on a 
group of thirty-five control hamsters of mixed sex, eight to ten weeks old 
revealed that the presence of anemia in either the late or early stages of 
t umor growth was not related to a loss of blood ~ t he digestive t ract or 
to the presence of either hemolytic or non-hemolytic bacteri a in the blood 
stream. 
Changes observed in the blood cell s around the transplanted tu-
mors were not related to changes in the peripheral blood. The reaction a-
round the t ransplanted tumors , as observed by microscopic slides, resembled 
a characteristic inflammatory r eaction, McCutcheon (1948) and V~nkin (1950) . 
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ABSTRACT 
The formed elements of the hamster's blood were studied in rela-
tion to the grolvth of a one hundred per cent t~ansplantable methylcholan-
threne-induced hamster sarcoma in the cheek pouch of the hamster. An ac-
curate tumol"-growth curve and all of the observed phases of the tumor-growth 
process were related to the formed blood cell elements for a fifty-day 
period after tumor transplantation. 
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The following hematological factors were studied in forty male and 
forty female hamsters, eight to ten weeks old during the tumor-grovlth pro-
cess: Neutrophils, lymphocytes, monocytes, eosinophils, platelets, sedimen-
tation rates, total white blood cells, total red blood cells, hemoglobin, he-
matocrit, mean corpuscular hemoglobin, mean corpuscular volwne, and mean cor-
puscular hemoglobin concentration values. The averages of these factors 
were determined in each case for forty normal hamsters of both sexes, eight 
to ten weeks old. The nor.mal averages reported did not differ significantly 
from the corresponding values previously reported by other investigators. 
Sedimentation rates were also determined for both experimental and control 
groups. 
Associated ''d.th the growth of the methylcholanthrene-induced ham-
ster sarcoma in the cheek pouch of the hamster were a significant increase 
in the average percentage of neutrophils and a significant decrease in the 
average percentage of lymphocytes. The average percentages of monocytes and 
eosinophils remained within their normal ranges during most of the tumor-
growth process. Terminal decreases were noted but were not considered to be 
of hematological significance, since they were probab~ related to the mask-
ing effect of the pronounced neutrophilia. 
There was a significant increase in the average percentage of neu-
trophils and a significant decrease in the average percentage of lymphocytes 
before ulceration in all of the experimental animals. These changes were 
probably related to the methylcholanthrene tumor Qer ~ and not to the pres-
ence of central necrosis, since central necrosis occurred only in the larger 
tumors during this period. Ulceration and externally observable necrosis 
were followed very shortly by a reversal of the normal average neutrophil 
and lymphocyte percentages. The post-ulcerative neutrophilia was probably 
related to the absorption of either necrotic or bacterial products. 
The intense tissue reaction characterized by hemorrhagic foci, 
that sometimes followed tumor transplantation, was correlated vdth a high 
pre-transplantation lymphocyte value in the host. This correlation conforms 
with the observations of other investigators >mo have associated high lym-
phocyte values with immunity or resistance against tumor grafts . 
The bone marrow response associated ld.th t he tumor-growth process 
was analyzed by means of filamentous and non-filamentous neutrophil counts. 
There was an increase in the non-filamentous neutrophils before ulceration 
and a marked increase after ulceration. However, during the last fifteen 
days of tumor growth, there was a decrease in the non-filamentous neutro-
phils. Neutrophils with so called toxic granules in their cytoplasm first 
appeared when the non-filamentous neutrophils decreased. The neutrophils 
with toxic granules in their cytoplasm increased as the numbers .of non-ti~ 
mentous neutrophils decreased. The early increase in the percentage of non-
filamentous neutrophile before ulceration was related to a bone marrow stimu-
2.36 
lation by the twnor per ~ or to the possible presence of central necrosis. 
The sharp increase in the immature neutrophils after ulceration was probably 
related to the stimulation of the bone marrow by absorbed necrot i c or bacte-
rial products. The deCline in the percentage of non-filamentous neutrophile 
and the appearance of t oxic granul es indicated that the bone marrow was un-
able to cope vlith the demands for more neutrophils and the hamsters were be-
coming severely infected. The multipl e cumulative effects of chronic bleed-
ing may have contributed to the inability of the bone marrow to produce non-
fila.m.entous neutrophils. In spite of marked stimulation of the bone marro'\'1 
and the presence of extramedullary hematopoiesis i n the spl een and in some 
liver s, the hamsters were severely infected during the l ater stages of tumor 
growth . 
The average total vmite blood cell values were observed to in-
crease with the twnor-growth process. The average total leukocyte valnes 
vrere significantly increased before u l ceration. After ulceration the t otal 
white blood cell values continued to increase un·t.il t he thirty-fifth day af-
t er tumor transplantation, then these values proceeded to decline , but they 
remained significantly hi gher than pre-transplantation total l eukocyte lev-
els. The same f actors that vTere responsible for the differential leukocyte 
changes were probably responsible for the total leuko cyte changes . 
The edema that sometimes accompanied tr~~splants before ulcera-
tion was always associated with a low total l eukocyte count prior to and af-
ter tumor transplantation. Since other investigators could not easily ob-
s erve the edema around a transplanted tumor, previous reports of normal or 
l o 'I total leukocyte counts associated -vvith tumor growth may have been related 
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to the presence of edema. 
The average sedimentation rate was within the normal range during 
most of the tumor-growth process. The later stages of tumor growth were ac-
companied by an increased sedimentation rate . The presence of central ne-
crosis and the products introduced by ulceratio1 did not alter the sedimenta-
tion rate. Increased sedimentat ion rates were associated with decreased to-
tal erythrocyte, hemoglobin, and hematocrit values. 
The average platelet counts remained w"ithin the normal range dur-
ing the entire tumor-grov~h process despite ulceration and necrosis. The 
maintenance of t he average platelet counts was related to a hypertrophy of 
the megakaryocytes in the bone marrovv and possibly related to the presence 
of megakaryocytes in the foci of extramedullary hematopoiesis . 
The average total erythrocyte and hemoglobin values remained nth-
in the nor mal range during raost of the tumor-growth process. Both of t hese 
values declined significantly during the later stages of tumor grorth. T e 
total r ed blood cell and hemoglobin values were maintained in the presence 
of central necrosis, ulceration , and for a tirre, even in the presence of ob-
served necrosis. The ttunor per ~ had no direct inhibitory effect on either 
emoglobin production or the total erythrocyte count. Extramedullary hema-
topoiesis i n spleens and some livers, and in some cases an erythroid hyper-
plasia of the bone marrow, may have helped to maintain t he hemoglobin a'ld 
the total erythrocyte values, even in the presence of necrosis . The reduc-
tion in these values in the later stages of tumor grovrth was probably in-
fluenced by the severe infectious state of the hamsters and t he ' ~lative 
effec ts of chronic bleeding. Edema before ulceration was always associated 
•v.ith a low pr e-transplantation hemoglobin value. 
The average total r ed blood cell volume decreased as the tumor-
grovffih process continued. Soon after ulceration there vms a significant de-
crease in the average hematocrit value. The advanced stages of tumor gro·~h 
"ere associated with a sharp decline in the average erythrocyte volumes. 
The presence of the tumor per ~' necrotic products , or bacterial products 
may have contributed to these changes . 
The three red blood cell indices fluctuated during the tumor-
growth process in such a way that various types of anemia were fotmd to be 
associated v .ith the growth of tumor transplants . Early stages of tumor 
growth, before ulcerat ion and shortly thereafter , 'Were associated vdth a mi-
crocytic , normochromic anemia , while the later stages of tumor gro rth ere 
associated ·rl t h various t pes of hypochromic anemia. Even after fifty days 
of tumor grov~h, some hamst ers (forty percent) ere not ru1emic. 
S ~udies on twenty non tumor-bearing chronically bled hamsters re-
vealed that chronic bleeding was probably respo 1.sible for the microcytic, 
normochromic anemia. A tempor ary decrease in the number of anemic hamsters 
was correlated -vvith t he onset of extramedullary hena.topoiesis. This v1as fol-
l owed by an increase hich was probably r elated to the i nability of the bone 
marrow and the foci of hematopoiesis to cope vdt h the cumulative effects of 
chronic bleeding and the absorption of necrotic and bacterial products. In 
some ha.i11Sters the bone marrO>v response and the resence of extramedullary he-
matopoiesis were probably capable of preventing anemia. The hypochromic 
anemia associated with the l ater stages of tumor gro rt.h was probably r elated 
t o t he cumul ative effects of absorbing necrotic and bacterial products, to 
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the cumulative effect of chronic bleeding, to a decreased food intake, and 
to poor absorption of digestive products. Experiments performed on a group 
of thirty-five control hamsters of mixed sex, eight to ten weeks old re-
vealed that the presence of anemia in either the late or the early stages 
of tumor growth " as not related to a loss of blood ~ t he digestive tract 
or to t he presence of either hemolytic or non-hemolytic bacteria in t he 
blood stream. 
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Changes observed in the· blood cells around the transplanted tu-
mors up to ten days after transplantation were not related to changes i n the 
peripheral blood. The reaction around the transplanted tumors, as observed 
by histol ogical secti ons , resembled an inflammatory reaction and was not al-
tered by blood cell concentrations in the peripheral blood. 
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